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15 per cent lower than the total blood volume 
after the hematocrit reading has been restored to 
normal by the use of liver (10). It appears 
probable that a large part of this reduction of total 
volume is apparent rather than real, because after 
recovery the method gives a falsely high red cell 
volume, and hence a falsely high total volume. 
An hematocrit reading, nevertheless, is useful 
when taken in conjunction with the plasma volume 
determination because it is known that the plasma 
volume of otherwise normal individuals varies with 
the level of the hematocrit reading. It is probable 
that at rest the distribution of cells and plasma in 
the large and small vessels is relatively constant. 
This may account for the observation that the 
amount of blood removed from the body may be 
accurately quantitated by determining the plasma 
volume and hematocrit reading before and after 
the removal of a known quantity of blood, pro- 
vided the post-hemorrhage determination is made 
before the hematocrit reading has fallen apprecia- 
bly. If the post-hemorrhage determination is 
made after the hematocrit reading has decreased 
considerably, it is no longer possible to estimate 
accurately the amount of blood removed (9, 11). 

It is not possible to measure accurately changes 
in plasma volume from changes in hematocrit 
reading or hemoglobin concentration, as this 
method is based on the assumption that there is 
an even distribution of red cells and plasma 
throughout the body. However, the direction of 
the change in plasma volume can be determined 
from the change in the hematocrit reading or 
hemoglobin concentration. Changes in hematocrit 
reading or hemoglobin concentration, which are 
not exactly proportionate to changes in plasma 
volume or protein concentration, do not mean that 
red cells have been added or removed from the 
general circulation. A shift in the proportion of 
blood present in the large and small vessels can 
produce changes of this nature. For example, 
calculation of the red cell volume from the plasma 
volume and hematocrit reading before and after 
strenuous exercise shows an apparent increase in 
the number of red cells in the circulation (12, 13). 
It seems probable that this increase is due to a 
difference in the distribution of red cells in the 
circulation because it occurs in splenectomized as 
well as in normal subjects (13). 


SUMMARY AND CONCLUSIONS 

1. A method for obtaining the blood contained 
in the minute vessels of the forearm is described. 
A distinction is drawn between blood flowing from 
the minute vessels and the blood contained within 
the minute vessels. 

2. The venous blood is richer in cells and poorer 
in plasma than the blood contained within the 
minute vessels. Therefore, the cell plasma ratio 
of blood drawn from artery, vein, or finger is not 
representative of the cell plasma ratio of the entire 
circulating blood. 

3. The value for the red cell volume, as calcu- 
lated from the plasma volume and hematocrit 
reading, is falsely high because of the uneven dis- 
tribution of cells. The value for the total circu- 
lating hemoglobin, as calculated on the basis of 
the plasma volume, hematocrit reading and hemo- 
globin concentration, is also falsely high. 

4. It is not possible to quantitate accurately 
changes in plasma volume from the changes in 
hematocrit reading or hemoglobin concentration. 

This investigation was carried out with the technical 
assistance of Miss Rosamond Piotti, S. B. 
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The clearance of bilirubin from the plasma fol- 
lowing intravenous injection was first used to 
measure the excretory function of the liver by 
Eilbott (1) and Von Bergmann (2) in Germany 
in 1927. In the United States the method was 
introduced by Harrop and Barron (3) in 1931. 
Additional experiences by Soffer (4, 5, 6, 7, 8) 
and by others (9, 10, 11, 12) have established 
the value of the test. Aside from the theoretical 
desirability of using a physiologic material (bili- 
rubin) rather than a dye (bromsulphalein or rose 
bengal) to assess hepatic excretory function, it is 
generally agreed that the bilirubin test is unusually 
sensitive in demonstrating disturbed function 
when the degree of liver damage is relatively 
slight. The usefulness of the test and a desire to 
extend the range of clinical disorders to which it 
can be applied have prompted the present study. 

As now used, the test involves determination of the 
percentage of injected bilirubin remaining in the circula- 
tion after a standard time period, usually 4 hours. Three 
samples of plasma are required. An initial sample a is 
obtained to determine the natural level of bilirubin in the 
patient’s plasma. Pure bilirubin — 1 mgm. per kilogram 
of body weight dissolved in a small volume of 0.1 M 
sodium carbonate solution — is injected intravenously. Af- 
ter allowing 4 to 5 minutes for mixing in the blood stream, 
a second sample of plasma b is secured. The final sample 
c is collected 4 hours later. If Ba , Bb and Be represent 
the bilirubin concentrations in each of the three plasma 
samples, the percentage retention equals 100 (Be — Ba) 
-7- (Bb — Ba). Reported results indicate that in many 
normal subjects there is no retention of pigment at the end 
of the 4-hour period. Soffer (7) considers retention in 
excess of 5 per cent to be evidence of impaired liver 
function. 

It will be observed that the above method which 
utilizes percentage retention as the measure of 
hepatic function is based on the assumption that 
rate of excretion is not influenced by the basal 
level of bilirubin in the plasma. The value for 
this level is simply subtracted from each of the 
other levels before the retention is computed. It 


will appear presently that the assumption is not 
justified. However, since most authors state that 
the test should not be applied when the basal level 
is above 1 mgm. per cent, and since the result is 
usually interpreted simply as normal or abnormal, 
and not as a quantitative measure of excretory 
function, it has in general served its purpose satis- 
factorily. Occasional attempts (13, 14 1 ) to uti- 
lize the test when the basal concentration was ele- 
vated have yielded results which are difficult to 
interpret. 

In extending the range of disorders to which 
the bilirubin excretion test can be applied, it is 
necessary to recognize that probably no test of ex- 
cretory function can yield meaningful results 
when the plasma van den Bergh reaction is direct. 
The direct reaction is generally assumed to mean 
that bile is regurgitating from the biliary tract into 
the blood ; if the assumption is true, a part of the 
material excreted by the liver is returned to the 
blood and estimations of blood level cannot be ex- 
pected to measure excretion alone. In hemolytic 
disease the reaction is indirect, there is no evi- 
dence for regurgitation, and it should be possible 
to assess excretory function even though the basal 
concentration is high. The theory to be described 
provides a rational basis for interpreting the test 
in this type of case; the estimate of liver function 
which it yields is quantitative and independent of 
the basal concentration of bilirubin in the plasma. 

THEORY 

Three assumptions are required in developing 
the theory of bilirubin clearance. Two of these 

1 These investigators studied the liver function of a 
patient with chronic hyperbilirubinemia, moderate spleno- 
megaly and hepatomegaly, and march hemoglobinuria. 
The conventional bilirubin excretion test showed no re- 
tention of injected pigment after 3 hours, that is, plasma 
bilirubin concentration had returned to its previous equi- 
librium level of 3.0 mgm. per cent. Later, a bilirubin 
clearance test performed by the method of this paper dis- 
closed marked impairment of hepatic excretory function. 
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TABLE II 


Findings with 18 patients in whom the velocity constant of 
bilirubin clearance, K, was less titan 5.0 X 10~ 3 mgtn. per 
minute per milligram-squared of concentration in the plasma 


Patient 

i 

. Age 1 

■^eq. 

K 

Diagnosis 


years 

mgm. 

per 

100 cc . 

mgm. 

units 

X 10-3 


1. S.F 

2 

0.86 

4.88 

Bronchitis 

2. D.S 

1 

0.50 

4.69 

Intracranial angioma 

3. S.D 

1 

0.72 

4.54 

Behavior disorder 

4. A.R 

4 

0.73 

4.50 

Epilepsy 

5. A.C 

6 

0.52 

3.90 

Nephritis 

6. F.B 

7 

0.73 

3.63 

Nephritis 

7. R.H 

11 

0.36 

3.36 

Cirrhosis 

8. R.F 

11 

0.99 

3.35 

Nephrosis 

9. M.K 

7 

0.59 

3.35 

Diabetes 

10. H.R 

9 

0.92 

2.62 

Intestinal parasites 

11. H.S 

12 

0.76 

2.36 

Osteodystrophy 

12. A.G 

% 

1.80 

2.33 

Erythroblastic anemia 

13. R.C 

2 

0.69 

1.92 

Cirrhosis 

14. B.S 

9 

0.86 

1.45 

Cirrhosis 

15. W.B 

13 

1.84 

1.39 

Sickle cell anemia 

16. L.H 

9 

0.55 

1.38 

Cirrhosis 

37. R.R 

6 

2.45 

1.23 

Erythroblastic anemia 

18. A.L 

15 

1.40 

1.09 

Hemolytic anemia (un- 
classified) 


not greatly impaired. Patients 8, 9, and 10, with 
constants from 3.35 to 2.62 X 10~ 3 mgm. units, 
presented no other finding to suggest hepatic de- 
fect. Patient 11 exhibited the peculiar syndrome 
of asymmetrical osteodystrophy with areas of pig- 
mented skin which has been described by McCune 
(15) and by Albright (16). She herself showed 
no sign definitely attributable to liver malfunction ; 
however, other patients with the same syndrome 
(15, 17) have given a story of severe and pro- 
tracted neonatal icterus. The last seven cases in 
the table represent instances either of chronic 
hemolytic anemia and hyperbilirubinemia or of 
cirrhosis. In all of these there is reason to think 
that excretory hepatic function was impaired. 

Review of all of the findings indicates first that 
excretory liver function exhibits in different sub- 
jects variations through a fairly wide range before 
it can be designated as impaired. It follows that 
some patients may as the result of disease suffer 
considerable loss of this power and still retain 
more adequate function than other normal sub- 
jects. The range of excretory power in individ- 
uals with functionally adequate livers aids in an 
understanding of the wide range of serum bili- 
rubin levels encountered in normal subjects. In 
our experience these levels have varied from 0.21 
to 0.99 mgm. per 100 cc. The findings also sug- 
gest that values for the excretory constant below 
2.0 X 10' 3 mgm. units must be regarded as evi- 
dence of impaired function. With values between 
2.0 and 2.5 X 10‘ 3 mgm. units, it is probable that 
function has been damaged. With constants 


above 2.5 X 10* 3 mgm. units, the significance of 
individual findings is less clear. If all of the con- 
stants above 2.5 X 10' 3 mgm. units, with the ex- 
ception of the finding in the cirrhotic patient (R. 
H.), are accepted as apt to be encountered in the 
absence of hepatic defect, there are 26 records to 
determine the range and distribution of normal 
values. In mgm. units X 10 _s these records dis- 
close: 2.5 to 4.0, 5 cases; 4.0 to 5.5, 8 cases; 5.5 
to 7.0, 5 cases; 7.0 to 8.5, 4 cases; 8.5 to 10.0, 1 
case; above 10.0, 3 cases. 

SUMMARY 

The rate of removal from the circulation of 
intravenously injected bilirubin can be evaluated as 
a “ velocity constant of excretion ” which provides 
a measure of the excretory function of the liver. 
The measure is not affected, as is the older type 
of bilirubin excretion test, by elevation of the basal 
plasma concentration. 

Evaluation of the velocity constant is based on 
the assumption that normally circulating bilirubin 
depends on an equilibrium between the rate of 
formation, which is constant, and the rate of ex- 
cretion, which has been observed to be approxi- 
mately proportional at any moment to the square 
of the concentration in the plasma. 

The velocity constant is computed in milligram 
units which express the rate of excretion from 
each 100 cc. of plasma in milligrams per minute 
per milligram-squared of concentration in the cir- 
culating plasma. A minimum of three determina- 
tions of serum bilirubin concentration is required 
for the calculation. The level before injecting 
bilirubin, L eq ., is measured first. The injection, 5 
mgm. per kilogram of body weight, is then given. 
After a lapse of 5 to 7 minutes for mixing in the 
circulation, a second sample, Li, is obtained. Fi- 
nally, when from 2 to 4 hours have elapsed, the 
third sample, Li, is withdrawn. If U and f= repre- 
sent the time in minutes corresponding to the sam- 
ples Li and Li, which express concentration in 
milligrams per 100 cc. serum, the value of the 
velocity constant, K, can be computed from the 
equation : 

Tr 1.1513 , {Li LcqMLi ~~ L cn .) 

A " Ujfs - /a) g {U - T^.XTi + Tc.) 

A study of 35 patients with normal and de- 
fective livers revealed variations in the velocity 
constant from 1.09 to 24.5 X lO" 3 mgm. units. 
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For the present, values above 2.5 X 10“ 3 mgm. 
units must be interpreted as evidence of normal 
hepatic function, although low constants within 
the normal range may for some patients be in- 
dicative of loss of excretory power. Values be- 
tween 2.0 and 2.5 X 10“ 3 mgm. units provide pre- 
sumptive evidence of damaged hepatic function 
and values below 2.0 X 10' 3 mgm. units are posi- 
tive evidence that function is impaired. 

APPENDIX METHOD OF ANALYSIS 

The assessment of hepatic function by means of bili- 
rubin clearance depends upon accuracy in determining 
bilirubin in serum or plasma. In common with other 
investigators (1, 3) we have found that the requisite pre- 
cision is not obtainable through measurement of the color 
developed in the van den Bergh reaction. This is true 
even when the azobilirubin is estimated photoelectrically 
by the excellent method of Malloy and Evelyn (18). 
Accordingly, we have followed the suggestions of Ernst 
and Forster (19) and of Eilbott (1) in using acetone to 
precipitate serum protein so that the yellow color of bili- 
rubin itself can be measured in the filtrate. The sensi- 
tivity of the method and the accuracy of the results have 
been increased significantly by use of a selective color 
filter and photoelectric analysis. Previous investigators 
who have used the method for measuring bilirubin excre- 
tion have not been concerned with the error due to the 
yellow color of lipochromes ; such carotenoid pigments 
presumably do not vary throughout the test and their 
absolute magnitude was unimportant since only incre- 
ments in bilirubin concentration above the basal level were 
used in computing percentage retention. Measurement of 
the velocity of bilirubin clearance, however, depends upon 
the absolute concentration of bilirubin at all times during 
the test. Accordingly, carotenoid pigments have been es- 
timated separately after extracting the serum with petro- 
leum ether; a correction is then applied in the measure- 
ment of bilirubin. 

Estimation of total yellow color ( bilirubin plus lipo- 
chrome). Two and five-tenths cc. of distilled water, 0.5 
cc. of the serum, and 10 cc. of redistilled acetone are 
pipetted in the order mentioned into a 15 cc. centrifuge 
tube. The contents are mixed thoroughly with a stirring 
rod which is subsequently discarded so that the tube can 
be closed with a rubber cap. It is then placed in the 
icebox for 15 minutes or until well chilled. Throughout 
these and later manipulations every effort is made to 
minimize exposure to light. We have routinely stored 
samples and tubes in a covered can, removing them only 
in subdued light for essential steps in the procedure. 
Centrifugation of the chilled tubes is carried out for 15 
minutes in 300 cc. bronze cups which are filled with 
cracked ice before the tubes arc inserted. Immediately 
afterwards the supernatant fluid is transferred to another 
tube which is stoppered and allowed to come to room 
temperature. The purpose of chilling during this phase 
of the procedure is to obtain a solution free from any 


trace of turbidity. When chilling is neglected the fluid 
will become warm while in the centrifuge and, even 
though clear when first removed, may later develop a 
slight cloudiness as the temperature falls. The final step 
involves the photoelectric reading. 

Estimation of the yellow of Upo chrome. Since it is 
assumed that the amount of carotenoid pigment in the 
serum does not vary during the test, the portions of the 
serial samples which remain after the estimation of total 
yellow color are mixed to provide a single sample on 
which lipochrome is measured. In principle the analysis 
follows the procedure of Stoner (20). Two cc. of the 
serum is transferred to a test tube; anhydrous calcium 
sulphate is added and by means of a glass spatula thor- 
oughly mixed with the serum until a dry paste results. 
Two cc. of 95 per cent alcohol is stirred thoroughly with 
the paste. Then, exactly 8 cc. of petroleum ether is 
added; the tube is stoppered and the contents shaken 
vigorously for several minutes. Upon settling, a portion 
of the petroleum ether layer, which now contains the 
carotenoid pigments, is removed for measurement of 
color intensity in the photoelectric instrument. 

With both analyses, total yellow color and lipochrome, 
the galvanometer readings are calculated to express in 
milligrams per 100 cc. of serum the quantity of bilirubin 
which would have yielded the same readings. Bilirubin 
is then computed as total yellow color minus the yellow 
due to lipochrome. With most subjects the correction 
for lipochrome is small, in the neighborhood of 0.1 or 0.2 
mgm. per 100 cc. In one patient only in our series, a 
diabetic, the correction reached a value of 0.67 mgm, per 
100 cc. 

The photoelectric photometer used for the estimation 
of color intensity was one which was constructed in our 
own laboratory (21) ; other instruments which utilize 
selective color filters should be adaptable to the procedure. 
Readings were made in optical cells which were either 
2.5 or 5.0 cm. in length; the shorter cell was used when 
color intensity was high and the longer cell with paler 
solutions. The filter, which furnishes blue light, was 
constructed of the following components : Corning Num- 
ber 511, violet glass, thickness 3 mm.; Jena optical filter 
glass GG-5, thickness 2 mm.; Corning light shade Aklo 
glass Number 396, thickness 2 mm. Solutions of bili- 
rubin exhibit maximum light absorption at 440 mft; the 
filter described transmits light from 410 to 490 tm*, with 
a peak transmission at 450 mp. 

Calibration presented a problem. When different stand- 
ard solutions are prepared by dissolving weighed amounts 
of bilirubin in chloroform and subsequently diluting either 
with alcohol or acetone, discrepancies among replicate 
readings will be much greater than when multiple meas- 
urements are made on the same solution. This is espe- 
cially so when the bilirubin of one manufacturer is com- 
pared with that of another. We have assumed, then, 
that part of the difficulty arises from impurities in avail- 
able samples of bilirubin ; another part undoubtedly comes 
from the circumstance that bilirubin in either alcohol or 
acetone is not in true solution but rather in a state of 
colloidal dispersion. Variation in the size of such col- 
loidal aggregates is known to influence light absorption 
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(22). On the other hand, calibration curves prepared 
from dilutions of solutions showing the same initial color 
intensity have always agreed closely; likewise, the agree- 
ment between duplicate analyses of serum has been 
excellent. Evidently, then, the method is capable of yield- 
ing results whose relative precision is high; the absolute 
accuracy of the levels is not better than can be obtained 
by other good technics. These circumstances determined 
the method of calibration. The relative value of readings 
on the galvanometer scale was first determined carefully. 
The absolute concentration of the solutions of bilirubin 
used for this purpose was not known. Carefully pre- 
pared dilutions of each solution revealed slight but 
clearly demonstrable deviation from Beer's law. The 
deviations were calibrated so that color intensity could 
be measured in arbitrary units of bilirubin. Finally, the 
number of milligrams corresponding to each arbitrary 
unit was determined in the following way: Twenty-four 
samples of serum which contained varying amounts of 
indirect bilirubin were analyzed by the procedure out- 
lined above and by the photoelectric method of Malloy 
and Evelyn (18), The latter method had previously been 
calibrated in our own laboratory with pure Hoffmann- 
La Roche bilirubin. The average findings by the two 
methods were then used to determine the milligrams to 
be assigned to each unit. An important circumstance in 
leading us to adopt this comparative method of calibra- 
tion was the fact that Hoffmann-La Roche bilirubin can 
no longer be purchased on the market. Malloy and 
Evelyn have presented reasons for believing this bili- 
rubin to be of a higher grade of purity than that pro- 
curable from other sources. 

Practically all of our analyses of serum have been 
performed in duplicate. The relative accuracy of the 
present method is indicated by the agreement between the 
duplicates. With levels of bilirubin below 1.0 mgm. per 
100 cc., the data reveal a standard error of analysis, 

S.E.a, of + 0.012 mgm. per 100 cc. With higher con- 
centrations, the errors per 100 cc. are as follows: 1.0 to 
2.0 mgm., S.E.a = 0.023 mgm. ; 2.0 to 5.0 mgm., S.E.a 
= 0.029 mgm, ; above 5.0 mgm., S.E.a = 0.045 mgm. The 
values yielded by the method do not appear to be affected 
by hemolysis in the sample. We have obtained identical 
results in serum analyzed before and after the addition 
of laked red blood cells. In contrast, such additions have 
always decreased the intensity of color in the van den 
Bergh reaction. The method cannot be used to measure 
bilirubin in the serum of patients with obstructive jaundice 
or with icterus due to hepatitis, A part of the bilirubin 
in these cases gives a direct reaction in the van den Bergh 
test; direct bilirubin is precipitated by acetone along with 
the serum proteins. Under such circumstances the pro- 
tein precipitate is stained yellow and the fact that the 
estimate will be unreliable can be recognized at once. 
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The physiological responses of the smallest 
blood vessels in human skin to mechanical and 
chemical stimuli have been the subject of numer- 
ous studies and several important monographs (1, 
2, 3, and others). The qualitative aspects of the 
white and red reactions of the triple response have 
been well-defined and their localization to the 
smallest vessels has been established. Despite the 
extent of, and widespread interest in this subject, 
no attempt has been made until now to put these 
on a simple quantitative basis. Such experiments 
should enable an observer to measure the sensi- 
tivity of the skin capillaries in a subject from day 
to day, and to compare such data among a group 
of individuals. The present report offers one of 
two such methods which we have developed. 

The procedure usually employed experimentally 
to elicit the several components of the triple re- 
sponse are mechanical pressure and local infiltra- 
tion (by pricking or iontophoresis) of vasodilator 
or vasoconstrictor drugs. The chemical methods 
lavc ^ een used in a quasi-quantitative manner (4, 

? 6) but these tests depend upon a number of fac- 
tors which may only indirectly involve the sensi- 
tivity of the capillaries. Plethysmographic studies 
and measurements of skin temperature likewise 
ail to reflect the irritability of the smallest vessels 
( f 8). The response of these vessels to graded 
mechanical stimulation offers, on the contrary, a 
lrcct approach to this problem. The technic de- 
scribed below depends upon this principle. Its ap- 
P ication rests upon control of two qualities of a 
stimulus, namely, intensity and duration. Thus, if 
a true measure of the excitability of the vessels 
ri^ re ^tained, a typical strength-duration curve 
^^t^iat found in determining the threshold of 
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excitability in nerve or muscle would result. The 
apparatus described below yields such data simply 
and quickly. 

METHOD AND PROCEDURES 

Apparatus. This consists of a machine which varies 
two factors in a critical manner. The intensity factor 
is varied manually by changing the weights on a skin 
stroker. The duration factor is varied by having a de- 
vice which will move this loaded skin stroker over the 
forearm at a suitable range of speeds. The duration of 
tbe stimulus over any portion of the skin may then be 
determined by calculation from the rate. In practice, a 
range of stimulus-durations of 12 to 14 seconds per centi- 
meter to 0.03 seconds per centimeter was found to be 
necessary. Different speeds of the piston were obtained 
by controlling the outflow of compressed air in front of 
a piston on which a constant pressure is exerted. By 
glancing at Figure 1, it will be seen that moving the 
carriage toward tbe reader would move the piston into 
tbe cylinder in the opposite direction, thus compressing 
the column of air in the cylinder. By adjusting the air- 
escape valve at a previously determined position, tbe 
piston can be made to move at a given rate down the 
cylinder provided the tension exerted by the rubber motor 
remains nearly constant. 

The technical details are simple. An ordinary tire 
pump provides the piston and cylinder. A section nine 
inches in length is cut off, leaving a blind cylinder with 
an air outlet. The rod which is attached to the piston 
is cut off and a length of number 22 gauge piano wire is 
connected to both sides of the piston. The cable is led 
off on the compressing side through the end-plate of 
the cylinder (drilled so as to provide an air seal). Both 
ends of the cable are looped over ball bearing pulle 3 's 
and attached to a small turnbuckle on the carriage. The 
escape valve is a vital part of the machine and must be 
mechanically perfect. It must permit fine gradations in 
air-escape, since slight changes in this respect cause 
marked variations in the speed of piston travel. A valve 
consisting of two fiat discs of number 18 gauge copper 
one and one-half inches in diameter and ground perfectly 
flat on one side was found suitable. In one disc, a hole 
five-thirty-seconds of an inch in diameter is drilled one- 
half inch from the center; in the other, a slit three- 
eighths of an inch long is cut, placed one-half inch from 
the center, and tapered from one-eighth of an inch to a 
very fine point. When the ground surfaces of the discs 
are applied together it will be seen that as one disc is 
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Fig. 1. Diagram of Apparatus for Applying Graded Mechanical Stimulation to Human Skin 

Gradations in weight are obtained by employing selected weights in the carriage of the stroker; in speed, by 
adjusting the valve which controls the rate of escape of compressed air from the pump. See text for details. 


rotated and the other held stationary, the tapering slit is actly one centimeter wide is attached to the carriage so 

gradually superimposed upon the circular orifice. An air- that it stands upright. The machine is now interposed 

tight connection is made between the circular orifice and between a light source and an optical kymograph so that 

the cylinder ; a suitable handle is attached to the other when the carriage moves the thin strip cuts a light beam 

disc, and a scale with one degree gradation is constructed. for an interval of time dependent on its speed of travel. 

The discs are held together firmly by a spiral spring An ordinary electrocardiograph timer of 0.04 second per 

which runs over a central pivot By means of brass centimeter is also inserted on the record. The record 

tubing soldered to each end, the carriage of steel plate thus obtained will show a black line with various segments 

rides on tracks of two steel drill rods. A brass bushing cut out to represent different rates of speed. These rates 

holds the rod of the skin stroker. The carriage must may be calculated as duration of stimulus per centimeter 

run smoothly. An extra slip of cable is connected to the and conveniently transposed to the scale on the pointer, 

rubber motor, as illustrated. Rubber was used to pro- Procedure in an experiment. The subject is seated 
vide a strong, even pull over a four-inch distance. When comfortably with a bared arm which is supported on a 
fifteen feet of one-fourth of an inch of flat rubber are rubber wedge in place under the platform of the appa- 

looped over the four-inch pulleys in ten strands, as shown, ratus, as shown in Figure 1. In practice, it is found 

this requirement is adequately filled. The skin stroker is convenient to have the subject in such a position that 

a chromium plated brass rod five-thirty-seconds of an the stroker runs up the forearm instead of down, as 

inch in diameter and shaped so as to provide a smooth shown in the diagram. The operator is then seated in 

stroking surface to the skin. The end is bent into an position to adjust the valve weights and to reset the 

arc of 0.5 centimeter and tapered to a diameter of 2.5 stroker. The observations are made under bright lights 

millimeters. It should be carefully polished to eliminate (two 100-watt bulbs, one blue and one yellow) in re- 

all burrs. Such a stroker loaded with five hundred grams flectors placed at a distance of about thirty inches from 

covers eighteen square millimeters (3 X 6) in area on the apparatus. They are focused somewhat to one side in 

the skin of the forearm. The loading pan is merely a order that the full heat from the bulbs docs not fall on 

wire basket, as shown in the diagram. In our apparatus the arm. The effect of local changes in temperature on 

it exerts a force of twenty-five grams. The whole appa- the responses under observation will be discussed below, 

ratus is mounted in a box. A heavy sheet of metal with As a matter of record, notation is made of the skin 

a rectangular cut-out four inches long and one and one- temperature (number 30 gauge wire thermocouple and an 

half inches wide is mounted below the stroker as an arm L & N skin potentiometer), dry bulb, wet bulb, humidity, 

guard. It is covered underneath with velvet to avert cold and barometric pressure. 

reactions on the skin. The guard also serves to provide For a determination, the stroker is released to move 
a surface on which the stroker runs before touching the at any desired speed along a line two to four inches m 

skin : during this time, acceleration is completed at all length. The arm is then held toward the light and the 

speeds. changes in skin color are observed along the line of the 

In calibrating the machine, a strip of thin metal ex- stroke. These may vary in the following ways: With 
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relatively little weight, an area of pallor (constriction 
of the skin capillaries (2)), may be seen to develop in 
the course of 35 to 40 seconds. This fades away in some 
2 to 5 minutes. When the pressure is heavier, a bright 
red line (capillary vasodilatation (2)) t of even color and 
with sharp edges, surrounded by a broad pale area of 
vasoconstriction with sharply defined edges, is seen along 
the line of the stroke. Beyond this an irregularly defined 
flare may be present. Between these two responses is a 
third one which we have found convenient and easy to 
employ as the threshold response in measuring the sensi- 
tivity of the vascular reactions; it consists of the area 
of pallor seen in the two responses above plus a faint, 
mottled or incomplete red line along the line of the 
stroke. In judging this response, it is essential that a 
red tint, which acquires a color characteristic of oxy- 
genated blood, be distinguished along the line, and that 
mere indentation of the skin is not mistaken for the 
threshold response. Little practice is necessary for this. 
Examples of the three responses are shown in Figure 2. 
They have been taken from a model of the forearm on 
which the tache reactions have been depicted by an artist. 

For each successive stimulus -duration the threshold is 
re-determined, largely by trial and error, using various 
weights. A little experience shortens the time required 
for these determinations. After each trial, a new area 
of the arm is placed under the stroker plate and a reading 
made. Extensive trials have shown that the inner aspect 
of either forearm may be used interchangeably in making 
the points of the strength-duration curves. It is not nec- 
essary to clip or shave the hair from the arm ; in fact, it 
is believed that this makes some skins less susceptible to 
the stimulus of the stroking. 


RESULTS 

The strength-duration curve. An example of 
one of the strength-duration curves, determined in 
the above manner, is shown in Figure 3. In this, 
each point, indicated by a dot, is the threshold re- 
sponse. The shaded area indicates, at the top, the 
curve of appearance of the full maximal response 
(solid red line) ; at the bottom, the curve of maxi- 
mal capillary vasoconstriction without the red line. 2 

The position of this curve on the same subject 
throughout the month of September, 1940, is 
shown in Figure 4. The similar contours and the 
fair agreement of the several curves may be seen 
by noting the relative positions of the various 
symbols for the separate curves. These curves, it 
may be mentioned, apparently were not affected in 
their relation to each other by room temperature 
(wet or dry bulb), skin temperature, humidity or 
barometric pressure. 

Thus far, curves similar to these (sixteen of 
which are shown in Figure 5) have been obtained 


2 The third point on the curve followed immediately" 
after a period of increased activity, as the subject was 
called from the room. By' the time the next point 
(second from the left) was determined, recovery' had 
occurred. 




Fig. 2. Photograph, Made from Model of an Arm, Showing the Threshold 
Response, Sub-Threshold Response, and Super-Threshold Response 
The threshold response is represented by a broken, uneven red line of vasodilatation 
surrounded by a definite but limited pale area of vasoconstriction, the sub-threshold 
response by a pale area of vasoconstriction only, and the super-threshold response 
by a strong, continuous red line of vasodilatation, surrounded by a strong, wide area 
of vasoconstriction ; beyond this, as shown here, there may be a” red, reflex arteriolar 
flare. 
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Fig. 3. A Characteristic Time-Intensity Curve of the Threshold Response 
The dots indicate actual determinations of the response. The shaded area signifies, 
at the top, the level at which the super-threshold response is obtained ; below, the level 
at which the sub-threshold (constriction only) is strongest, without a trace of the red. 
Vasoconstriction may actually be detected faintly down to 20 to SO grams at any of 
these speeds. The third point from the left was made immediately after the subject 
returned to the room, after being called away. 


on thirty-eight normal men. 3 Where more than 
one curve was obtained, each represents the aver- 

3 The choice of males was made by random sampling, 
and medical students from the first to the fourth years 
were selected as subjects. None was known to be ab- 
normal or unhealthy in any way. In addition, members 
of the teaching and technical staff served as subjects. 
Thirty-five were in the third decade of life and three in 
the fourth decade. Additional data were obtained on half 
as many more subjects, but these are not included in Ta- 
ble I since the curves are incomplete. (The data were 
obtained at a time when it was believed that another 
method of treatment, which utilized only the region of 
the inflection of the curve, was possible.) Insofar as 
they go, these data compare with the more complete 
curves reported here. It was impossible to obtain curves 
on only two subjects in the entire group. One of these, 
a red-headed subject who has never tanned, gave atypical 
responses throughout the range of stimulus-durations. 
These were characterized by unusually intense and large 
areas of erythema along the line of the stroke, without 
the surrounding area of pallor. The second atypical sub- 


age of all the curves for any individual. Attention 
may be called to several features of this group of 
curves. First, the point of inflection on most 
curves was obtained at a stimulus-duration of 1 to 
2 seconds per centimeter, ten of these requiring 
between three to four hundred grams to induce the 
threshold response. The remaining six curves, 
each of which was typical for the individual from 
whom it was obtained, showed somewhat different 
thresholds at the point of inflection. To what this 
may be attributed, we are unable to say at the pres- 
ent time. Second, with the exception of two 
curves, the weights necessary for threshold re- 
sponses at the fastest speed was between five hun- 
dred and twenty and eight hundred grams. In the 

ject was periodically catatonic. His responses did not 
appear for from 2 to 5 minutes and they persisted for 
about half an hour. This is in contrast to the threshold 
responses in normal subjects which arc usually maximal 
within 40 to 60 seconds and subside within several minutes. 
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other two subjects, it was one kilogram. Finally, 
considerable spread was observed in the weights 
necessary for threshold responses at the slower 
speeds. Perhaps this may be ascribed partly to 
variations in skin thickness or water-content which 
the heavier weights would circumvent at higher 
speeds. But its true cause is not known. 

Proof of the threshold nature of the strength- 
duration curve . The response which we have 
adopted as “ threshold ” is complex, consisting of 
an area of vasodilatation against a background of 
vasoconstriction. Doubt naturally arises, there- 
fore, concerning the significance of the higher 
stimulus-intensities (weights) required at the 
faster speeds. May not the increased weight be 
required to elicit more injury in order to produce, 
in turn, more vasodilating substance to overcome 
a stronger vasoconstriction? Alternatively, is the 
capillary constriction of equal intensity through- 
out the range of the strength-duration curve, and, 
hence, is the red line of vasodilatation the result of 


an equal intensity of chemical inhibition through- 
out? The question is answered in favor of the 
latter possibility by the following experiments. 

The thresholds were determined at four differ- 
ent speeds. They were then repeated at suitable 
intervals upon an arm in which various degrees of 
partial venous occlusion were maintained by a 
sphygmomanometer cuff applied immediately be- 
fore laying down the stroke. Two such levels of 
occlusion were determined, one of which just 
served to prevent the halo of vasoconstriction 
along the line of the stroke, the other to permit, 
in diminished intensity and form, the halo of vaso- 
constriction. The purpose of this procedure was 
to show that, if the constriction were more force- 
ful at the higher stimulus-intensities, then higher 
venous occlusion pressure would be necessary to 
prevent vasoconstriction than at the lower stimu- 
lus-intensities. 

The result of one such experiment is shown in 
Figure 6. It will be seen that, regardless of the 



Fig - 4 ‘ Time-Intensity Curves Obtained from One Subject During the Month 

of September, 1940 


There is variation, but this is in the 
be seen by noting the position of any 


intensity parameter of the several curves, as may 
curve by means of the symbols. 
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Fig. 5. Single Time-Intensity Curves Obtained on Sixteen Different, Presumably Normal, 

Human Males 


weights used, fifty millimeters of mercury pre- 
vented constriction, whereas forty millimeters of 
mercury permitted the development of discernible 
vasoconstriction. In either case, release of the 
venous circulation soon afterwards regularly per- 
mitted development of the response to nearly full 
intensity, thus showing that fatigue resulting from 
inadequate circulation had not occurred. Conse- 
quently, the conclusion follows that throughout 
the strength-duration curve described above, we 
are dealing with responses of about uniform in- 
tensity, and the curve is characteristic of the 
threshold for excitation of the capillary blood ves- 
sels to graded mechanical stimulation applied at 
appropriate rates. 

Mention should be made of the fact that we 
have confirmed the observation of Lewis that, if 
the stimulus be strong enough, the white and red 
reactions will develop, even though the venous oc- 
clusion pressure approaches a diastolic level. 

Effect of complete venous stasis. In view of 
the fact that responses may be obtained by ade- 


quate stimulation with partial or complete venous 
occlusion, it was deemed advisable to investigate 
quantitatively the effect of stasis on the threshold 
of response. With complete stasis the circulatory 
conditions differ markedly from those in partial 
occlusion. In the latter, the blood flow is momen- 
tarily impeded and then continues at a higher pres- 
sure level (2), whereas in the former, the capil- 
lary blood pressure is materially lowered when 
arterial inflow is rapidly cut off by pressure. 

The effect of circulatory stasis upon the excita- 
bility of the smallest vessels in the skin is shown 
in Figure 7. In this, as in other similar experi- 
ments, threshold stimuli were determined at three 
different speeds following periods of stasis lasting 
from 1 to 6 minutes. It is clear that circulatory 
arrest for these periods of time does not abolish 
the contractility of the smallest blood vessels (con- 
firming Lewis) but it does raise appreciably and 
progressively their threshold for excitation. The 
effect is more pronounced when the stimulus is ap- 
plied quickly. 
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To determine why circulatory arrest raises the 
threshold of the white and red reactions, a further 
investigation was necessary in order to distinguish 
between the effects of anoxia and of the action of 
metabolites and vasodilating substances which are 
known to accumulate in tissues in which the circu- 
lation is arrested. 

Effect of anoxemia on the threshold. In this 
experiment, the subject rebreathed into and out of 
a closed tank filled with room air. The threshold 
of the skin response was measured, for one speed 
only, at intervals during the experiment. Expired 
air passed through soda lime to remove carbon 
dioxide. By means of suitable procedures, the 
oxygen in the expired air was estimated from time 
to time, and records of systolic pressure, diastolic 
pressure, heart rate, respiratory rate, and tidal air 
were made. From the latter, the minute volume of 
air respired was estimated. 

The effects of diminishing oxygen tension in 
the inspired air are shown in Figure 8a. It will 


be seen that within 10 minutes, when the oxygen 
was reduced to about 17 to 18 per cent, a per- 
ceptible elevation of the threshold of blood vessel 
reactivity occurred. There was little effect on 
blood pressure, heart rate or respiratory rate and 
depth at this time. As the oxygen in inspired air 
reached a level of 13 to 14 per cent, however, 
changes in all the above were recorded, particularly 
with regard to heart rate and respiratory rate. At 
about this time, a very abrupt increase in the 
threshold of the blood vessel reactivity occurred. 
Anoxemia without stasis, therefore, lowers the 
sensitivity of the smallest blood vessels in the skin 
and this is observed before important systemic 
circulatory and respiratory changes take place. 

Effect of hypercapnia on the threshold . The ef- 
fect of increased carbon dioxide in the expired air 
presented an interesting contrast to the effect of 
anoxemia. In Figure 8b, it will be seen that a 
marked decrease occurred in the threshold of re- 
activity of the capillary blood vessels and, as in 


EFFECT OF PARTIAL VENOUS OCCLUSION ON 
CAPILLARY CONSTRICT ION 



Fig. 6. Proof That the Time-Intensity Curves of Blood Vessel Response 
to Graded Mechanical Stimulation Are of Uniform, Threshold Intensity 
and Do Not Vary with the Weights, or Speeds Used 

Irrespective of the point on the curve, SO mm. partial venous occlusion pressure 
applied just prior to laying down of the stroke, prevented the zone of vasoconstric- 
tion, whereas 40 mm. permitted it. 
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DURATION OF STASIS "Min 
• = 6.0 Soc/cm. 

© = 2.9 Sec/cm- 
o = 0.84 Sec./cm- 

Fig. 7. Effect of Complete Circulatory Stasis on 
the Threshold Response 

At each of three different speeds, the weight necessary 
for the threshold response increased with increasing 
duration of stasis. 

the anoxemia experiment, this change in threshold 
was well-marked before important changes in 
heart rate, blood pressure or respiratory activity 
took place. Accordingly, these results attest a re- 
markable sensitivity of the capillary blood vessels 
to small changes in the gas-content of the blood. 

Effect of local temperature changes on the 
threshold. The effect of increase in the local skin 
temperature on the end-point of the reaction (i.e., 
the equilibrium point, not the rate ) was studied to 
see if it would be necessary to control rigidly the 
room temperature during a series of determina- 
tions. The result is shown in Figure 9. The 
tissues were warmed gradually and held at any 
desired temperature for several minutes. When 
this was uniform (within 0.3 degrees Fahrenheit) 
along the line the stroker would take, the threshold 
was determined. It will be seen from the figure 
that the change was not very great, even though 


the range of temperatures extended from 90 to 
104 degrees Fahrenheit. This involved, in fact, a 
change in threshold of about 2 per cent per degree 
Fahrenheit. Inasmuch as the threshold determina- 
tion is only read to within about ± 20 grams (i.e., 
about 5 to 10 per cent) it may readily be seen that 
minor changes in room temperature will not seri- 
ously affect the shape or position of the strength- 
duration curve. New experiments, taking into ac- 
count the rate at which the threshold equilibrium 
is attained at each temperature, will be required in 
order to establish, by the Arrhenius (9) equation, 
the chemical or physical nature of the effect of 
temperature on the reactivity of the blood vessels 
to mechanical stimulation. 

DISCUSSION 

Criteria for evaluating excitability of the small- 
est blood vessels. The results summarized above 
raise an important question, namely, in what man- 
ner may the individual strength-duration curves be 
employed to indicate relative degrees of blood- 
vessel excitability in a given person from day to 
day, or between different subjects? Examination 
of the curves in Figure 5 demonstrates the im- 
practicability of using a simple measure like a 
chronaxie value, inasmuch as some curves with a 
high intensity parameter have a very short-time 
parameter and vice versa, while some curves cross 
others at one or two points. Davis and Forbes 
(10) have reviewed the limitations of chronaxie 
values. By replotting the data, however, it is evi- 
dent that each of these curves is characteristic of 
the strength-duration curves which are obtained in 
the responses of other types of tissue (e.g., smooth 
and striated muscle, nerve) to electrical stimulation 
(10, 11). This is demonstrated by plotting the 
data of the strength-duration curve on double 
logarithm paper. When this is done, as in Figure 
10, it is found that each curve falls along a 
straight line. This occurs when the duration of 
the stimulus is between 0.25 to 2, 3 or more 
seconds per centimeter. This was true for stimu- 
lus-durations of about one second per centimeter 
in two curves only. The slopes of these and othci 
similar curves (Table I) range from 0.19 to 0.55, 
with an average of 0.35. This is less than the 
range of 0.5 to 1.0 second per centimeter which is 
found for a variety of tissues in response to elec- 
trical stimulation (10). 
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ANOXEMIA HYPERCAPNIA 



Fig. 8, The Effect of Anoxemia (a) and of Hypercapnia (b) on the 
Threshold Response (Constant Speed, Variable Weights) 

Heavy dots, threshold ; crosses, heart rate ; stippled areas, pulse pressure lying be- 
tween systolic and diastolic pressures. Bottom, continuous line, respiratory rate; 
circles, minute volume index (%) ; dots, tidal air (%). These data show that 
changes in the threshold of blood vessel reactivity occur, increasing in anoxemia, 
decreasing with hypercapnia; in each, the change is detectable before important 
changes in circulatory or respiratory activities occur. 


The selection of an adequate “ index of ex- 
citability ” raises many imposing problems, and no 
entirely suitable or universally recognized method 
is available. Davis and Forbes (10) point out 
that chronaxie is an expression of excitability in 
terms of the time factor alone, and that this is en- 
tirely empirical. They suggest that the “ index of 
excitability ” of Lassalle (12) is more adequate 
since it embraces the intensity factor as well. 
Therefore, it involves measurement of excitability 
in terms of energy, and this would seem to offer a 
better basis for comparison of the relative excita- 
bilities of different strength-duration curves for a 
single tissue when these are obtained under identi- 
cal conditions (10). The Lassalle factor is ex- 
pressed as the index of excitability which is pro- 
portional to the reciprocal of the product of the 


rheobase squared and chronaxie 

(i.c F. — - JL 

rheobase 2 X chronaxie 

This coefficient is calculated and given in Table IA 
for each of the curves thus far obtained to date on 
the skins of thirty-eight normal human males. 3 It 
will be seen that the most excitable blood vessels 
(1.6 X 10" 4 ) are twenty times as sensitive as the 
least excitable blood vessels (0.08 X 10" 4 ) and 
that the mean is 0.53 dr 0.49. The standard error 
of the mean is ± 0.079. Comparable data for two 
or more curves on a single individual at intervals 
of a week to several months are given in Table IB. 
Here, too, it will be seen that some variation in ex- 
citability is found, although the range for any sub- 
ject is far less than that for the group as a whole. 
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Fig. 9. Effect of Increasing Surface Temperature 
Along the Line of Stroke on the Threshold Re- 
sponse 

Each of these indicates a shift in threshold of about 2 
per cent per degree F. Since the response is read, usu- 
ally, to about ± 10 per cent, small changes in temperature 
are relatively unimportant. 

In view of the physiological factors which may 
modify the threshold of excitability in the blood 
vessels (a few of which are noted in this paper) 
it is not strange that this variation is found in 
single individuals and between different individuals. 
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Fig. 10. The Time-Intensity Curves of Figure 5 
Plotted on Double Coordinate Logarithm Paper 
The line is straight. At the right of each of the 
curves shown here the change in slope to the rheobase 
(omitted here for clarity) commences. Such curves are 
typical of the curves of electrical excitation of a number 
of tissues. The average slope here (see Table I) is 0.35. 


TABLE i 

Summary of the characteristics of the curves of threshold 
skin vascular reactions to graded mechanical stimulation in 
thirty-eight normal male subjects 
The coefficient of excitability is calculated according to 
the formula of Lassalie (12). 


Slope 



Coefficient of exoUability: 

loR-fog 

Rheobase 

Chronaxie 

p / 1 ) 

coordinates 



\ rheobase l Xchronaxie/ 


A. DATA OBTAINED FROM DIFFERENT SUBJECTS 


0.45 

grams 

180 

acconrfa per 
centimeter 
3.90 

0.08 (X10' 1 ) 

0.26 

260 

1.50 

0.10 

0.50 

150 

4.50 

0.10 

0.31 

220 

1.85 

0.11 

0.40 

ICO 

3.50 

0.11 

0.37 

250 

1.00 

0.16 

0.42 

350 

0.50 

0.16 

0.50 

280 

0.70 

0.18 

0.55 

2S0 

0.60 

0.19 

0.44 

170 

1.80 

0.19 

0.45 

275 

0.67 

0.19 

0.50 

325 

0.49 

0.19 

0.29 

310 

0.50 

0.21 

0,28 

200 

1.00 

0.25 

0.33 

170 

1.30 

0.26 

0.38 

200 

0.85 

0.29 

0.25 

220 

0.70 

0.29 

0.40 

300 

0.37 

0.30 

0.50 

300 

0.35 

0.31 

0.47 

200 

0.75 

0.33 

0.38 

250 

0.37 

0.43 

0.51 

300 

0.25 

0.44 

0.28 

250 

0.35 

0.46 

0,38 | 

270 

1 0.60 

0.58 

0.43 

| 250 

0.25 

! 0.64 

0.45 

; 300 

0.15 

' 0,74 

0.23 

275 

1 0.18 

0.74 

0.38 

1 250 

0.20 

0.80 

0.35 

350 

0.10 

0.82 

0.30 

275 

0.15 

0.88 

0.23 

325 

0,10 

0.94 

0.10 

320 

0.10 

0.97 

0.40 

320 

0.10 

0.98 

0.28 

300 

0.10 

1.11 

0.23 

275 

0.10 

1.33 

0.50 

375 

0.05 

1.42 

0.28 

250 

0.10 

1.60 

0.33 

250 

0.10 

1.60 

Mean 0.35 

260.1 

0.78 

0.53 

S.D. ±0.098 

± 57.5 

±1.01 

±0.49 

S.E. mean ±0.016 

± 1.5 

±0.128 

±0.07 9 

t 21.9 

173.3 

6.09 

6.6 

P <0.000000001 

<0.000000001 

0.00000001 

<0.00009001 


B. CHARACTERISTICS OF TWO OR MORE CURVES OBTAINED IN FIVE BCB/ECTS 


Subject 1. 



0.18 

September 9, 1940 

300 

0.60 

September 10, 1940 

300 

1.00 

0.11 

September 16, 1940 

400 

0.08 

0.78 

September 19, 1940 

300 

0.50 

0,22 

September 27, 1940 

270 

0.35 

0.39 

January 2, 1941 

200 

2.00 

0.13 

January 20, 1941 

220 

1.90 

0.19 

January 21, 1941 

250 

1,40 

0.11 

Subject 2. 



0.18 

September27, 1940 

200 

1.40 

October 4, 1940 

200 

0.85 

0.29 

October 11, 1940 

275 

0.10 

1.32 

October 23, 1940 

250 

0.25 

0.64 

Subject 3. 


0.25 

0.64 

0.33 

September 26, 1940 

250 

October 1, 1940 

: 225 

0.60 

Subject 4. 


0.20 

0.55 

1.60 

September 13, 1940 

300 

October 7, 1940 

250 

0.10 

Subject 5. 


0.10 

0.94 

1.32 

September 20, 3940 

325 

October 24, 1940 

225 

0.15 
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The meaning of the data shown in Table I is 
indicated in the statistical treatment shown there. 
In the bottom line (Table I A) , the factors P, cal- 
culated according to the recommendation of Main- 
land (13), has a value of less than 0.000,000,01. 
This signifies that, when observations from the 
same universe of data are obtained by random 
sampling in a group of similar subjects, a signifi- 
cant difference from the mean here given would 
occur only once in many thousands of samples. 
This mean, therefore, should serve as a base-line 
against which differences in reactivity of the skin 
vessels attributable to age, sex, disease or other 
condition may be shown with a high degree of 
confidence by adequate treatment of the data (13). 

In conclusion, mention should be made of the 
fact that, in the plotting of every curve in Figure 
10, a point is reached (the rheobase) at which the 
line curves and is parallel to the X axis. This is 
usual in curves of the strength-duration type (10, 
11 ). 

SUMMARY 

A method for measuring the excitability of the 
smallest blood vessels in human skin is described. 
Two qualities of the stimulus, intensity (in grams) 
and duration (in seconds per centimeter), are 
varied at will. The threshold response consists of 
the white reaction of the triple response, in the 
middle of which is just discernible the beginning 
of the red reaction of the triple response. A 
typical strength-duration curve is found for each 
skin, and proof is offered to show that it repre- 
sents liminal, or threshold responses throughout. 

The effect of certain physiological variables 
upon the threshold response is established. The 
threshold is raised progressively with circulatory 
stasis ; in systemic anoxemia, the threshold is 
raised, and in systemic hypercapnea it is lowered. 
In both cases these changes are well-marked be- 
fore there is significant alteration in heart rate, 
systolic or diastolic blood pressure, or in respira- 
tory rate, depth or minute volume. A change in 


the temperature of the skin, by direct heating, 
brings about a change in threshold of about 2 per 
cent per degree Fahrenheit; the threshold re- 
sponses are read to only 5 or 10 per cent, so that 
minor changes in room temperature during the 
course of an experiment do not affect the results 
seriously. 

A procedure is described and applied to a series 
of data by which a coefficient of excitability is ob- 
tained. For the group of normal subjects, this of- 
fers a base line for comparison of the effects of 
experiment, disease or therapeutic procedure upon 
the sensitivity of the smallest vessels of the skin. 
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BLOOD IODINE IN PATIENTS WITH THYROID DISEASE 1 
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A reinvestigation of blood iodine in patients 
with thyroid disorders has been undertaken be- 
cause it has been found that many of the older 
methods yielded erroneously high normal values. 
In a previous communication on methods for the 
determination of blood iodine (1), the authors re- 
ported normal values for 10 males and 10 females 
which ranged between 2.5 and 3.7 gamma per 100 
cc., amounts which are lower and less variable 
than those reported by earlier investigators. They 
also noted in this paper that 4 groups of workers 
(2, 3, 4, 5) who had employed the recently revised 
acid ashing methods obtained similarly low values. 
Therefore, on the basis of the published criticisms 
(1, 2, 6, 7) of the alkaline ashing and the Leipert 
methods, and an investigation of the possible 
sources of error in the permanganate ashing 
method, the authors concluded that credence must 
be given to the low values for normal blood iodine. 

In the present investigation the blood iodine 
levels have been determined in 55 patients with a 
number of different symptoms and signs of thyroid 
disorder. The results have been analyzed in an 
attempt to determine the relation of blood iodine 
to the symptoms and signs of hyperthyroidism. 

METHODS 

The basal metabolic rates were determined with the 
Benedict-Roth apparatus under the standard conditions 
which have been described by Benedict, Dubois and oth- 
ers. In many instances, the basal metabolic rates ob- 
tained on the morning after the patients admission to 
the hospital were omitted because it was feared that the 
patient was apprehensive or excited. In such instances, 
the values represent the determinations 2 to 4 days after 
admission to the hospital, when the patient was more 
adjusted to the basal metabolic test. In a few instances, 
Lugol's solution had been given for 3 days before these 
second metabolism tests were determined. 

^This work was aided in part by grants from the 
Ehight and Fluid Research Funds, Yale University, 
School of Medicine. 

* Alexander Brown Coxe Memorial Fellow, Depart- 
ments of Physiology, Psychiatry and Mental Hygiene, 
Yale University, School of Medicine, 1940-41. 


Venous blood was taken under post-absorptive condi- 
tions and the serum analyzed for cholesterol by methods 
previously described (8, 9). Blood iodine was deter- 
mined by the permanganate acid ashing method, which 
yields average recoveries of 95 per cent (1). No pa- 
tient had had Lugol's solution, iodized salt or any form 
of iodine therapy during the 3 weeks before measurement 
of the blood iodine. Furthermore, no patient had had any 
diagnostic test in which an iodine-containing contrast me- 
dium was used, except B5469 (Table III) who had had 
lipiodol 10 years previously. 

DATA 

The largest group (Table I) consists of 31 patients 
with definite hyperthyroidism. All the patients except 
the 3 at the end had thyroidectomies. The first 28 cases 
are listed in the numerical order of the hospital records. 
Tables II and III present data on patients with complica- 
tions or nervous system disorders, in whom hyperthyroid- 
ism was considered or was doubtful. For comparison, 
the iodine has been determined in the blood of 6 patients 
(Table IV) with nodular enlargement of the gland but 
with no systemic signs of thyroid overactmty*. The blood 
iodine has also been evaluated in 7 patients with signs 
and symptoms of myxedema. 

Owing to the fact that clinical evaluation of the degree 
of thyroid overactivity is difficult and somewhat sub- 
jective, the diagnostic estimates were made by 2 or 3 
physicians without knowledge of the blood iodine or 
serum lipoid values. Subsequently, the 48 patients were 
divided into 4 groups in accordance with the presence or 
absence of thyroid enlargement, exophthalmos, tremor, 
restlessness, cardiac enlargement, tachycardia, warm, 
flushed skin, increased perspiration and malnutrition. In 
addition to these clinical symptoms, the height of the 
basal metabolic rate was an important criterion. The pa- 
tient's response to iodine or thyroidectomy was also used 
in evaluating the original diagnosis. 

The blood iodines, serum cholesterols and symptoms of 
hyperthyroidism of the patients at the time of admission 
to the hospital are given in the tables. Cases that are 
marked with asterisks presented certain unusual clinical 
features which are mentioned in the protocols. 

Improvement of the patients is indicated in the 3 col- 
umns at the right of the tables. Basal metabolic rates 
after Lugol’s, but before thyroidectomy, and after opera- 
tion are given. Clinical improvement after Lugol’s ther- 
apy has been graded -f + in those patients whose pulse 
rates fell, who gained in weight and who became calm 
and quiet, 4- when the improvement was not as marked 
and ± when it was impossible to tell whether iodine 
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TABLE I 


Patients with symptoms of definite hyperthyroidism 






Symptoms of hyperthyroidism 



Improvement 

Case number, 
sex and age 

Blood 

iodine 

Serum 

choles- 

terol 

Basal 

meta- 

bolic 

Thyroid 

enlargement 

Tremor 

Exoph- 

thalmos 


Duration 

hyper- 

thyroid 

Nutri- 

tion 

After Lugol's, 
before 

thyroidectomy 

After 

thyroid- 

ectomy 



rate 

Skin 

symptoms 


Clinica 

symp- 

toms 

j Basal 
meta- 
bolic 
rate 

Basal 

meta- 

bolic 

rate 

4342 

F 46 

gamma 

per 

100 cc . 

7.5 

mgm. 

per 

100 cc. 

per 

cent 

+26 

+ + Nodular 

4 years 

0 

0 

0 

months 

216 

N. 

+ 

per 

cent 

+ 12 

per 

cent 

+9 

10184 

M 41 

7.7 


+43 

+ + 

++ 

0 

++ 

36 

ass 

+ 

+28 

+5 

10493 

F 32 

8.6 

150 

+27 

+ + + 

+ 

++ 

0 

1 * 

1 2 

— 

+ 

+i 

-16 

71934 

F 50 

8.5 

175 

+29 

+ + 

+ 

+ 

+ 

6 


++ 

+ 10 

+ 10 

84098 

M 32 

17.9 

84 

+41 

+ + + 

+ 

++ 

+ 

24 

- 

++ 

+7 

-9 

A2590 

F 29 

7.0 

131 

+29 

+ 

+ 

0 

++ 

3 

= 

+ 

+ 17 


A84439 

F 36 

m 

164 

+41 

+ + 

+ 

0 

+ 

5 

= 

++ 

+5 

+ 1 

A96720 

M 25 

9.2 

132 

+52 

+ + 

+ 

0 

+++ 

6 


+ 

+26 

-1 

A97068 

F 42 

8.3 

142 

+35 

+ + 

++ 

+ 

++ 

4 

— 

+ 

+21 

-7 

A99905 

F 56 

12.1 


+41 

+ 

0 

0 

++ 

3 

— 

+ 

+38 

-5 

B582 

F 25 

11.2 

151 

+52 

+ + 

++ 

0 

++ 

2 

N. 

+ 

+20 

+6 

B693 

F 33 

21.9 

99 

+71 

+ + + Nodular 

++ 

++ 

++ 

24 

■ 

+ 

+55 

~ +r~ 

B832 

F 26 

13.6 

103 

+36 

++ 

+ 

0 

+ 

4 

■ 

++ 

+8 


B933 

F 30 

12.0 

177 

+82 

++ 

+ 

+ 

+ 

36 

N. 

+ 

+ 11 

~+uT 

B3260 

F 26 

14.2 

170 

+66 

+ 

+ 

0 

+ 

4 

N. 

++ 

+40 


B3296 

F 36 

jm 

135 

+47 

++ 

+ 

0 

++ 

144 

N. 

+ 

+27 

~+<r 

B3842 

F 24 

9.6 

91 

+57 

+ + + Nodular 

+ 

+ 

+ 

2 

N. 

+ + 

+ 17 


B4123 

F 24 

15.0 

106 

+89 

+++ 

++ 

++ 

++ 

40 

■ 

+ 

+59 

"+14 - 

B4507 

F 61 

■ 



+++ 

+ 

0 

+ 

4 

N. 

+ 

+ 18 

+2 
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table I ( Continued ) 


Case number, 
sex and age 

Blood 

iodine 

Serum 

choles- 

terol 

Basal 

meta- 

bolic 

rate 

Symptoms of hyperthyroidism j 

Duration 

hyper- 

thyroid 

symptoms 

Nutri- 

tion 

Improvement 

Thyroid 

enlargement 

Tremor 

1 

Exoph- 

thalmos 

Skin 

After Lugol’s, 
before 

thyroidectomy 

After 

thyroid- 

ectomy 

Clinical 

symp- 

toms 

Basal 

meta- 

bolic 

rate 

Basal 

meta- 

bolic 

rate 

B4719 

F 48 

gamma 

i>er 

100 cc . 

14.9 

mgm. 

per 

100 cc. 
112 

per 

cent 

+54 

+ + 

+ + 

+ 

+ 

months 

6 

1 

+ 

per 

cent 

+15 

per 

cent 

-4 

B5149 

F 43 

8.2 

179 

+39 

+ 

1 

i + 

0 

+ 

2 

16 years 
recurrent 

■ 

+ 

| 

+15 

-2 

B5252 

F 26 

9.6 

162 

+37 

++ 

1 

+ + 

0 

+ + 

7 

N. 

+ 

+ 13 

+3 

B5309 

F 46 

12.9 

130 ! 

+54 

i 

++ 

++ 

0 

++ 

3 

sas 

+ 

+25 

+ 1 

B6138 

F 41 

9.5 

146 

+55 

+ + 

+ ! 

0 

+ 

2 

— 

+ 

+36 

-1 

B6234 

M 27 

7.2 

116 

+68 ! 

+ + 

+ + 

+ 

+ + + 

12 

; = 

j + 

+21 

+ 1 

B72S7 

F 16 

16.5 

109 

+86 

+ + + 

+ + 

0 

+ + 

7 


+ 

+45 

+18 

B7329 

F 41 

6.4 

125 

+27 

+ Nodular 

+ | 

0 

+ 

36 

ob. 

+ 

+9 

-10 

B8749 

F 40 

11.6 

■ 

+68 

+ + 

+ + 

+ 

+ 

12 

■ 

| + 

j +44 

+11 


1 

F 58 

7.8 

158 

+ 12 

+ + 

15 years 

+ 

0 

0 

] 

9 

B 

+ 



99948 

F 33 

7.2 

j 

183 

+24 

+ Nodular 

+ 

0 

+ 1 

12 

N. 

+ 

+4 


B4777* 

F 56 

9.2 ! 

95 

+52 

+ Nodular 

7 years 

+ 

0 

++ 

24 

A 

+ 

+26 



therapy had been of benefit. A blank space indicates that 
there were no data because Lugol’s therapy was not tried 
or because there was no operation. It was impossible to 
state whether the operated patients were permanently im- 
proved since all these patients have been studied within 
the last 15 months. 

Enlargement of the thyroid has been graded as + when 
the gland was slightly palpable, + + when large, and 
+ + -f when large with bruit. Sub indicates a sub- 
sternal thyroid. Under tremor + indicates a perceptible 
fine tremor of the extended tongue or fingers of the 
hand, + 4- an easily recognizable tremor. Any per- 
ceptible exophthalmos or lid lag has been listed as +. 
Where the signs of exophthalmos were marked, 4* + has 


been used. Under skin have been included flushing, 
sweating, and satiny texture. Different degrees of flush- 
ing and sweating have been described as + to + + +, 
Nutrition has been rated as N. when normal or average, 
— when approximately 10 per cent of weight has been 
lost, and = when emaciation was more severe. For peo- 
ple who remained distinctly well nourished, 4- has been 
used, and ob. indicates overweight of an extreme degree 
in which the distribution of fat was eccentric. 

The chart presents diagrammatically the iodine values 
obtained by duplicate analyses of the blood of 26 normal 
subjects, of the 31 clear-cut hyperthyroid patients of Ta- 
ble I and of the patients in Tables II and III. For 
comparison, values from 6 subjects with nodular goiter 
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TABLE II 

Patients with complications in whom hyperthyroidism was doubtful 






Symptoms of hyperthyroidism 



Improvement 

Case 
number, 
sex and age 

Blood 

iodine 

Serum 

choles- 

terol 

Basal 

meta- 

bolic 

Thyroid 

enlargement 


Exoph- 

thalmos 


Duration 
of symp- 
toms 

Nutri- 

tion 

After Lugol’s, 
before 

thyroidectomy 

After 

thyroid- 

ectomy 


rate 

Tremor 

Skin 


Clinical 

symp- 

toms 

Basal 

meta- 

bolic 

rate 

Basal 

meta- 

bolic 

rate 

84736* 

F 52 

gamma 

Per 

100 cc. 

6.4 

in gm. 
per 

100 cc. 

113 

per 

cent 

+92 

+ Nodular 
10 years 

0 

0 

+ 

months 

120 

= 

± 

per 

cent 

per 

cent 

66560 

F 51 

5.9 

243 

+16 

+ 

0 

0 

+ 

4 

++ 




B3513 

F 58 

D 

105 

+22 

+ 

++ 

0 

+++ 

10 

= 

± 

+20 


B10541 

F 61 

6.3 

149 

+26 

+ Sub. 

+ 

0 

++ 

24 

N. 

± 

+20 


45153* 
F 53 

8.9 

233 

+32 

+ 

0 

0 

+ 

■ 

N. 

+ 

+ 19 


91064* 
F 66 

■ 

218 

+23 

? Sub. 

+ 

0 

+ + 

36 

N. 


+6 


B4976 * 
F 35 

H 

154 

+ 11 

0 

0 

0 

+ 

12 

— 





and without signs of thyroid overactivity (Table IV), 
and from 7 patients with myxedema have been included. 
The narrow normal range is clearly indicated. 

RESULTS 

All the patients in Table I had definite symp- 
toms of hyperthyroidism. With the exception of 
4342, 10493, 71934, A2590, B7329, 1, and 99948 
the basal metabolic rates before Lugol’s were be- 
tween plus 35 and plus 89 per cent. After Lugol’s 
all the patients had clinical improvement and the 
basal metabolic rates fell in all except Case 1. 
The thyroid was large in all but 7 cases, A2590, 
A99905, B3260, B5149, B7329, 99948 and B4777, 
in which it was distinctly palpable. In 7 cases 
there was a definite bruit as has been noted by 
_j — | — in the thyroid enlargement column. 
Clinically, hyperplasia of the thyroid was diag- 
nosed in 25 patients, and nodular goiter with 
thyroid overactivity in 6. Tremor was a char- 
acteristic symptom of all the patients except 
A99905 and 4342. Satiny texture of the skin, 
typical of hyperthyroid patients, was noted in all 


31 subjects with the exception of 1, 4342, anc 
10493. In 21 patients the nutrition was poor and 
there had been a loss of at least 10 per cent of the 
individual’s usual body weight. 

The 7 patients, with the exception of 84736 in 
Table II, had symptoms of hyperthyroidism which 
were not as outstanding as those of the patients in 
Table I. This can be seen easily in the table un- 
der “ Symptoms of hyperthyroidism.” Only 
had basal metabolic rates above plus 30 per cent. 
None of the patients had a thyroidectomy. 

The patients in Table III did not have definite 
symptoms of hyperthyroidism. Their basal Jlie ^ 
bolic rates varied between minus 10 and phts 
per cent. Vasomotor and emotional instabi ity 
was pronounced and the possibility of hypert iy 

roidism was considered. 

The blood iodines of all the 31 patients W 
Table I were above the normal range. This is 
shown graphically in Figure 1. There was no 
overlapping with the normal values. The 00 
iodines ranged from 6.4 to 21.9 with an average 
of 10.6 gamma per 100 cc., while 2.4 to 4.2 wi 
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TABLE III 

Patients in •whom hyperthyroidism was considered because of 
nervous symptoms or vasomotor instability 


I 

c 

i 

5 

p 

o 

5 

O 

© 

© 

*o 

s 

i 1 


Symptoms of 
hyper- 
thyroidism 

V) 

E 

© 

g, 

3? 

o 

er 

je 

e 

O 

a 

£ 

£ 

Improvement 

After 

Ltmol'c, 

before 

thyroid- 

ectomy 

After 

thyroid- 

ectomy 

o 

j§ 

o 

6 

£ 

a 

a 

V 

c 

E 

n 

& 

"c 

$ 

c 

E 

£ 

91 

O 

E 

e 

c 

K 

£ 

'£ 

ca 

_ 6 
e <= 
o Z7 

o £• 

25c 

ale 


53919* 
M 38 

ffCrr.m 

per 

100 

cc. 

4.S 

r.jn. 
per 
100 
cc. | 
174 

Per 

cm! 

+25 



+ 

JL 

J 

mcmtAi 

24 

N 

£ 

per 

ccnl 

+16 

per 

cent 

+3 

A29S70* 
F 41 

3.6 

230 

+5 

+ 

+ 

0 

0 

SI 

K 




B5465* 

4.9 

192 

-3 

+ 

0 

0 

0 

18 

F 

£ 

-8 


F 43 













B5459* 

4J2 

241 

-10 

0 

0 

0 

0 

180 

a- 




F 27 














an average of 3.1 gamma per 100 cc. represents 
the range of our present series of 26 normal sub- 
jects. 

The height of the blood iodine was not related to 
the duration of symptoms. For example, 2 of the 
highest values, 17.9 (84098) and 15 gamma per 
cent (B4123) occurred in patients who had had 
symptoms for 24 and 40 months. The average of 
the blood iodines of the 18 patients with symptoms 
lasting less than 12 months was 10.5, and of the 13 
patients with symptoms for 12 months or longer 
was 10.9 gamma per cent. 

The 7 patients in Table II, in whom hyperthy- 
roidism was doubtful because of complications, 
also had elevated blood iodines ranging from 5.9 
to 8.9 gamma per cent. Case 84736 has been diag- 
nosed as a hyperthyroid for 10 years. She has had 
pernicious anemia and has refused thyroidectomy. 
Cases 66560, B3513 and B 10541, with blood 
iodines of only 5.9, 7.4, and 6.3 gamma per cent, 
had symptoms suggestive of early hyperthyroid- 
ism. The significance of the elevation in blood 
iodine of B4976 and 91064 is not clear. These 
studies on patients in Table II show that the 
blood iodine may be elevated without the accom- 
paniment of definite hyperthyroidism. 

The patients in Table III did not have definite 
symptoms of hyperthyroidism. Case 53949, with 
a blood iodine of 4.8 gamma per cent — not ap- 


TABLE IV 

Patients with nodular goiter but without definite signs of 
thyroid activity 
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preciably above the normal range— had a thyroid- 
ectomy because slight overactivity of the thyroid 
might be aggravating cardiac decompensation. He 
did not improve after thyroidectomy. 

The 6 patients in Table IV, who had nodular 
goiters without symptoms of thyroid overactivity, 
had blood iodines within or not significantly dif- 



Fig. 1. A Comparison of Blood Iodine Values in- 
formal Subjects, and in Patients with Hyperthy- 
roidism, Myxedema, and Nervous Disorders 
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ferent from the normal range. This is shown 
clearly in Figure 1. 

In Figure 1 it can be seen that the blood iodine 
of each of the 7 myxedema patients was below the 
normal range. The values varied from 0.3 to 1.7 
gamma per cent. All these patients had classical 
symptoms of myxedema. Two developed symp- 
toms some years after thyroidectomy when thyroid 
medication was stopped temporarily. These pa- 
tients will be described more fully in an article to 
be published. 

Only 16 of the 27 definite hyperthyroid patients 
in Table I, who had serum cholesterol determina- 
tions, had cholesterols below the minimum of the 
normal range — 150 milligrams per cent. For this 
reason, blood iodine is a more useful measure of 
thyroid overactivity than serum cholesterol. 

DISCUSSION 

The finding that the blood iodines of all 31 defi- 
nite hyperthyroid patients were 1.5 to 5 times the 
highest normal value is at variance with previous 
observations. This is due partially to the fact that 
the iodines of our 26 normal subjects all fell 
within the narrow range of 2.4 to 4.2 gamma per 
cent. This range is wider than that previously 
published (1) owing to the addition of 6 normal 
subjects to our series. Five of the euthyroid indi- 
viduals included in Figure 1 have been studied re- 
peatedly at various times of the year. Only one 
determination on each of these individuals is in- 
cluded in the figure, but at no time of the year did 
their blood iodines exceed the normal range given 
above. It seems, therefore, that this normal range 
will not be increased by fluctuations which might 
be related to the season of the year. Our normal 
values agree closely with those of Baumann and 
Metzger (2) who found blood iodines ranging 
from 2.3 to 4.4 in 10 normal male and 10 normal 
female subjects. The lack of overlapping with the 
normal figures in the present study makes it im- 
probable that a normal blood iodine will be found 
in a larger series of patients with hyperthyroidism. 
In view of the reports of Perkin and his associates 
(10, 11, 12) that normal blood iodine values are 
frequently found in patients with long-standing 
symptoms of hyperthyroidism, the duration of 
symptoms was carefully evaluated. It has been 
noted in the results that the average blood iodine 
of patients with symptoms which had persisted 


from 12 to 216 months was practically the same as 
the average blood iodine of patients with symp- 
toms of less than a year’s duration. 

Salter in his recent comprehensive monograph 
(13) and Davis, Curtis and Cole (14) have dis- 
cussed the older published values showing large 
variations in blood iodine of hyperthyroid patients. 
Salter has described differences in values attribut- 
able to the region where the subject lives. Perkin 
and Lahey (12), Curtis and Puppel (15), as well 
as Salter, have pointed out that refinements in 
chemical techniques have resulted in lower blood 
iodine values of both normal and hyperthyroid 
subjects. Since the earlier values have been ade- 
quately discussed, our data need to be compared 
only with those published in 1940 by 3 different 
groups of workers. 

The average blood iodines of normal and of 
hyperthyroid subjects reported by Klassen, Bier- 
baum and Curtis (16) agree with ours, but their 
normal range extends higher and their hyperthy- 
roid range lower than ours. Thus, their normal 
values vary from 3.1 to 5.6 with an average of 

4.0 gamma per cent, while their hyperthyroid 
values vary from 5.5 to 15.7 with an average of 

10.0 gamma per cent. The analyses of Klassen, 
Bierbaum and Curtis were made on one aliquot of 
blood. A single analysis may at times be slightly 
high or low, and this may explain the slight over- 
lapping of normal and hyperthyroid values which 
they have found. Our figures are the average of 
duplicate determinations which usually did not 
differ by more than 0.3 gamma per cent. Oc- 
casionally, when our duplicates failed to check 
within 0.5 gamma per cent, a triplicate analysis 
was made. 

The results of Klassen, Bierbaum and Curtis 
agree more satisfactorily with the data presente 
in this paper than the findings of Turner, D e ' 
Lamater and Province, and of Perkin. Turner, 
DeLamater and Province (17) found a wider 
range of 3.5 to 10.4 gamma per cent in 20 norma 
males and 20 normal females and a higher norma 
average of 6.3 gamma per 100 cc. These investi 
gators made duplicate analyses, using the metho 
of Trevorrow and Fashena. Their normal values 
are in close agreement with Fashena s (IB) nor 
mal range of 3.0 to 12.0 and average of 6.6 gamma 
per cent in 79 children 2 days to 13 years in age- 
For some reason Fashena’s method gives hig er 
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normal values than have been found by Curtis and 
his associates (4, 15, 16), by Grauer and Saier (3) 
and by Baumann and Metzger (2). The results 
of the latter workers were cited above. Turner, 
DeLamater and Province found a marked varia- 
tion in the blood iodine of normal subjects and a 
wide range for their 20 hyperthyroid patients of 
6.7 to 38.5 gamma per cent. The blood iodines of 
6 of the 20 thyroid patients fell within the normal 
range. This overlapping is not surprising con- 
sidering the wide fluctuations between the mini- 
mum and maximum normal and hyperthyroid 
values. 

Perkin and Lahey (12) have found an even 
greater overlapping of normal and hyperthyroid 
values. They have found persons with no clinical 
evidence of thyrotoxicosis whose iodines ranged 
between 2 and 15 gamma per cent, although they 
have accepted 10 gamma per hundred cc. as the 
upper limit of normal. About 34 per cent of their 
hyperthyroid patients had blood iodines of less 
than 10 gamma per cent. Their method of analy- 
sis depends on alkaline oxidation of the blood with 
alcoholic extraction of iodine compounds from the 
charred mass. This method has been criticized for 
the difficulties in technique and for erroneously 
high values (2, 15). Some of the enormous over- 
lapping of normal and hyperthyroid values can 
therefore be attributed to technical difficulties in 
the analysis. In spite of wide variations in data, 
it can be concluded from all published figures that 
an elevation of blood iodine above the normal 
range is usual in hyperthyroid patients. 

A high blood iodine, on the other hand, does not 
always connote definite hyperthyroidism. This 
was emphasized with respect to the patients in 
Table II. As has been stated, these patients had 
not had iodine solutions as contrast media for 
x-ray diagnosis. This is important because 
diodrast may not be completely eliminated for 
days, iso-iodeikon (Graham-Cole test) for months 
and lipiodol for years. Of the 3 patients, 45153, 
91064 and B4976, who had blood iodines of 8.9, 
7.6, and 7.6 gamma per cent, the first 2 had cardiac 
enlargement and arteriosclerosis. Case 45153 also 
had diabetes which required insulin. All 3 had 
vasomotor or emotional instability. Their symp- 
toms seemed to be more closely related to nervous 
system disorders than thyroid overactivity. Pa- 
tients like these present a problem in clinical diag- 


nosis and it was hoped that the blood iodine would 
be a useful criterion to help distinguish them. 
However, all the patients in Table III had similar 
symptoms with blood iodines which were normal 
or only insignificantly elevated. Conclusions can- 
not be formulated until further studies of these 
and similar patients are completed. No attempt is 
made here to review the literature on this subject 
since Salter (13) has discussed at length the ac- 
tion of the thyroid hormone on the nervous sys- 
tem and the action of the nervous system on the 
thyroid. 

The results on the 7 myxedematous patients 
were as clear-cut as those on the patients with 
hyperthyroidism. The highest blood iodine of 1.7 
gamma per cent was well below the minimum nor- 
mal value of 2.4 gamma per cent. 

That the levels of blood iodine and serum cho- 
lesterol in thyroiditis are similar to those observed 
in definite hyperthyroidism was observed by 
Turner and his associates (17) and also noted by 
us in one female patient. Her blood iodine was 
8.5 gamma per cent. Her basal metabolic rate was 
minus 5 per cent, and her serum cholesterol was 
126 milligrams per cent, but she had no exophthal- 
mos, motor restlessness or appearance of the skin 
typical of hyperthyroidism. Turner, DeLamater 
and Province reported elevated blood iodines of 
11.2 and 11.3 gamma per cent in 2 cases of thy- 
roiditis. The serum cholesterols were 124 and 141 
milligrams per cent. These values approach the 
low levels in clear-cut hyperthyroidism (19). 

CONCLUSIONS 

The level of blood iodine has been found to be 
closely related to thyroid activity. 

In 31 patients with hyperthyroidism the blood 
iodine ranged between 6.4 and 21.9 gamma per 
cent. 

In 7 patients with myxedema it varied from 0.3 
to 1.7 gamma per cent. 

There was no overlapping with the normal range 
of 2.4 to 4.2 gamma per cent in 26 euthyroid 
subjects. 

Six patients with nodular goiters but without 
symptoms of thyroid overactivity had blood iodines 
which did not differ significantly from normal. 

It has been concluded that elevated blood iodine 
values are invariably found in hyperthyroid pa- 
tients. However, certain patients without mani- 
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fest hyperthyroidism may also have an elevated 
blood iodine. Further study of such patients is 
indicated. 

It would have been impossible to collect this material 
if it had not been for the clinical services of Dr. Paul 
Lavietes, Dr. Alexander Winkler, and Dr. Kalmen A. 
Klinghoffer under whose care were many of the patients. 

protocols 

B4777, female, aged 56. This patient had chronic my- 
elogenous leukemia with a white count between 750 and 
3000. The basal metabolic rate was plus 52 per cent, 
serum cholesterol 95 milligrams per cent, and blood iodine 
9.2 gamma per cent. The response in basal metabolic 
rate to Lugohs confirmed the diagnosis of hyperthy- 
roidism, but no operation was performed because of 
complications. 

84736, female, aged 52. This patient had developed 
severe pernicious anemia 11 years previously. She also 
had slight exophthalmos, tremor, a nodule in the thyroid 
and a basal metabolic rate of plus 50 per cent at that 
time. She responded quite well to treatment with liver 
extract and iodine. After 2 years iodine was omitted and 
the patient did fairly well for 3 years. Then symptoms 
of hyperthyroidism returned and the basal metabolic rate 
was plus 31 per cent. Lugofs administration was fol- 
lowed by a remission. Iodine was stopped in June 1939 
and she remained asymptomatic until June 1940 when 
palpitation, tremor and loss of weight returned. Opera- 
tion was again advised and refused, as it had been many 
times before. In addition to hyperthyroid symptoms, the 
liver and spleen had become markedly enlarged. Iodine 
treatment was given from June to August 15, 1940, and 
then omitted. In October, the basal metabolic rate was 
plus 92 per cent, serum cholesterol 113 milligrams per 
cent, and blood iodine 6.4 gamma per cent. Subsequent 
return to iodine therapy was followed by modest im- 
provement in 2 to 3 months. For the past 10 years the 
patient has required regular doses of liver or reticulogen 
to prevent return of anemia. 

45153, female, aged 53. Hypertension had developed 
following toxemia of pregnancy 27 years previously. Dia- 
betes mellitus and arteriosclerotic cardiovascular disease 
had been noted 10 years ago. The patient took insulin 
and digitalis so irregularly that she had repeated attacks 
of cardiac decompensation from which she recovered 
when adequate therapy with digitalis, insulin and diet 
was restored. Emotional instability, multiple complaints, 
unsteadiness of hands, flushing of skin, sweating, weight 
loss and diarrhea had become increasingly prominent 
during the last 2 years. On January 15, 1940, the basal 
metabolic rate was plus 32, serum cholesterol 233 milli- 
grams per cent, and blood iodine 8.9 gamma per cent. 
Lugol's therapy was followed by considerable improve- 
ment in all symptoms in 2 months. 

91064, female, aged 66. For the last 10 years recur- 
rent and increasingly severe attacks of decompensation 
had been associated with arteriosclerotic cardiovascular 


disease. On the last hospital admission the patient had 
congestive heart failure with auricular fibrillation and 
anasarca. At this time she also had nervousness, tremor 
of hands and profuse sweating, although the thyroid was 
not enlarged. The basal metabolic rate was plus 23 per 
cent, serum cholesterol 218 milligrams per cent and blood 
iodine 7.6 gamma per cent. She died in congestive fail- 
ure 5 weeks later. 

B4976, female, aged 35. This patient had had multiple 
complaints of anxiety, palpitation, anorexia, vomiting and 
loss of 60 pounds during the previous year. After KI 
therapy from January 17 to 31, 1940, she was reported to 
have improved. In May, 1940, the patient was well nour- 
ished, had moist skin and extensive leukoderma. She 
looked exhausted and depressed and her movements were 
slow, but she was also tense and irritable. On May 9, 
1940, the basal metabolic rate was plus 11, serum choles- 
terol 154 milligrams per cent and blood iodine 7.6 gamma 
per cent, but other signs of hyperthyroidism were lacking. 
While anxiety and depression were the outstanding fea- 
tures, overactivity of the thyroid was not entirely ruled 
out. Iodine was not given and she was referred to psy- 
chiatrists for treatment. 

53949, male, aged 38. Following osteomyelitis of the 
jaw 3 years previously, this patient had successively de- 
veloped hypertension, albuminuria, restlessness, irritability 
and a basal metabolic rate of plus 25. On admission, 
June 19, 1940, he was excitable, talkative, well nourished, 
and had prominent eyes, enlarged thyroid, hypertensive 
arteriosclerosis and an enlarged heart with slight decom- 
pensation. The serum cholesterol was 174 milligrams per 
cent and blood iodine 4.8 gamma per cent. Lugol's ad- 
ministration produced slight improvement. Subtotal thy- 
roidectomy was followed by little change in symptoms 
and 2 months later the patient was unimproved although 
the basal metabolic rate was plus 3 per cent. 

A29870, female, aged 41. This restless, apprehensive 
patient had had repeated illnesses characterized by weak- 
ness, insomnia, “ palpitation,” emotional upset, weight loss 
and varying physical complaints for 15 to 20 years. Dur- 
ing these illnesses the basal metabolic rate had varied 
between plus 25 and plus 5 per cent. Response to iodine 
administration was uncertain because remissions also oc- 
curred without iodine. The last attack began in April, 
1940, with pain in the epigastrium followed by loss o 
appetite and weight. On admission, September 16, 1940, 
the multiple complaints and emotional lability were strik- 
ing. There was sweating and inconstant tremor of hands. 
The basal metabolic rate was plus 5 per cent, blood iodine 
3.6 gamma per cent and serum cholesterol 230 millig ram ^ 
per cent. Rest in bed without iodine resulted in marke 
improvement in symptoms. Emotional instability an 
spells of depression remained, although the tremor a 
disappeared. As all symptoms were referable to nervous 
system disorders, and other signs of thyroid disorder were 
lacking, the patient was referred to psychiatry for treat 

ment. . f 

BS465, female, aged 43. Fifteen months previously 
nervousness, which had been noticed for years, ha c 
come more marked and, subsequently, palpitation, prom 
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inence of eyes, tremulousness and dyspnoea appeared. In 
addition, the menses became irregular and she lost weight. 
On admission the patient was tense and apprehensive and 
had a slight tremor of the hands. Her blood pressure 
was 140/98 and the pulse 140, By the next day most 
of her symptoms had subsided, and little but the vaso- 
motor instability could be elicited. The thyroid was 
palpable, the right lobe being larger than the left. On 
May 28, 1940, the basal metabolic rate was minus 3 per 
cent, serum cholesterol 192 milligrams per cent and blood 
iodine 4.9 gamma per cent. Two weeks of treatment 
with Lugol’s therapy and bed rest did not relieve vaso- 
motor lability or complaints of nervousness. The diag- 
nosis was former hyperthyroidism in remission and be- 
ginning menopause. 

B5469, female, aged 27. Severe headaches, fainting 
spells, narcolepsy and intermittent bouts of fever had 
developed after the patient had broken her nose 15 years 
previously. In addition, she had had sinusitis and mas- 
toiditis which had been relieved by mastoidectomy 14 
years ago. Later, occasional attacks of hives and edema 
had occurred. All these symptoms continued, being in- 
terrupted by partial remissions lasting a few months ter 
3 years. In the previous 2 to 3 years, bouts of fever, 
nausea, vomiting, and loss of 55 pounds had occurred. 
The patient was poorly nourished and dehydrated on 
admission, but fever of 101° subsided in 2 days. On 
June 4, 1940, the basal metabolic rate was minus 10 per 
cent, serum cholesterol 241 milligrams per cent and blood 
iodine 4.2 gamma per cent. Headaches and narcolepsy 
continued. It was concluded that the symptoms were 
probably due to a hypothalamic lesion of unknown 
etiology. 
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Clinical and experimental evidence indicates 
that pulmonary hypoventilation and a decrease in 
pulmonary volume are fairly constant sequelae of 
operations performed in the abdominal cavity. 
Churchill and McNeill (1) observed a marked re- 
duction in vital capacity following laparotomy. 
Beecher (2) and others have demonstrated that 
upper abdominal surgery causes a sharper reduc- 
tion in vital capacity than lower abdominal types 
of operations, and that the reduction is greater for 
any given procedure in males than in females. 
Muller, Overholt and Pendergrass (3) found a 
significant rise in the level of the diaphragm fol- 
lowing laparotomy and considered this a primary 
effect of the pneumoperitoneum, rather than a sec- 
ondary effect of changes in the lung itself. 
Beecher (4) first studied the effect of laparotomy 
on the subtidal lung volume. 2 He demonstrated 
an average postoperative decrease of about 20 per 
cent, the drop becoming maximal on the fourth 
postoperative day, and returning toward the pre- 
operative values during the second week. This 
significant study has suggested to us the necessity 
of noting the effect of surgical anaesthesia alone 
on the subtidal lung volume before factors inci- 
dent to surgical manipulation enter the picture. 

MATERIALS AND METHODS 

The use of an inhalation anaesthetic precludes the em- 
ployment of any alveolar gas dilution technic for deter- 
mining lung volume, such as that of Christie (5) which 
is the best available. However, an anaesthetic agent such 
as avertin (tribromethanol) which is administered rec- 
tally and not excreted at all through the respiratory 
tract (6) lends itself admirably to this study. 

A group of 17 preoperative surgical cases from the 
general surgical and gynecological services of the New 
Haven Hospital was selected. When the choice of an- 
aesthesia was known to be basal avertin, the past respira- 

1 This study was aided by a grant from the Fluid Re- 
search Fund of the Yale University School of Medicine. 

2 The subtidal lung volume is here defined as the air 
content of the respiratory tract at the end of a normal 
tidal expiration. 


tory history of each case was carefully reviewed; any 
patient having recent or chronic symptoms was rejected, 
as was any subject with abnormal physical findings in 
the chest. 

Preoperative control determinations of the subtidal vol- 
ume were carried out according to the technic of Christie 
(5) sometimes in the post-absorption state on the day 
prior to operation, but more frequently on the morning 
of operation before any sedation had been given. De- 
terminations of the subtidal volume were made in dupli- 
cate, at least, after a trial run to accustom the patient to 
breathing in a closed spirometer circuit. Particular care 
was taken to posture the patient in the supine horizontal 
position, with a single pillow under the head, and arms 
relaxed at the sides. 

The patient was then returned to his room; a prelimi- 
nary medication of morphine sulphate (grains % or %) 
and atropine sulfate (grains %so or %oo) was given ex- 
cept in 2 cases (Cases 9 and 16) in which it was deliber- 
ately omitted for control purposes. Avertin in amylene 
hydrate was then administered rectally, the dosage and 
time being exactly noted. The usual dosage was equiva- 
lent to 70 to 90 mgm. per kilo of body weight. When 
the patient was asleep he was moved again to the labora- 
tory and carefully adjusted to the above described posi- 
tion. A wire pharyngeal airway was inserted to support 
the tongue, and to avoid expiratory obstruction which 
may cause a considerable increase in subtidal volume (7). 
The jaws were supported by the anaesthetist, and the 
patient was connected with the spirometer, the pharyngeal 
airway being accommodated into the rubber mouthpiece 
and the lips carefully sealed with adhesive to prevent leak- 
age. At least one, and if time and the surgeons’ patience 
permitted, two determinations were made ; the patient was 
then sent to the operating room, and the indicated proce- 
dure was carried out with supplementary local or inhala- 
tion anaesthesia. Before the patient was discharged from 
the hospital repeat determinations were made in 11 of 
the 17 cases. 

RESULTS 

The various data relevant to the 17 cases are 
best presented by the accompanying chart (Table 
I). It will be noted that the series included 7 
males and 10 females with a wide selection of non- 
thoracic complaints. 

Fourteen of the 17 cases showed a decrease in 
subtidal lung volume under the influence of avertin 
anaesthesia. The decrease in these 14 cases ranged 
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Fig. 1. Spirometer Tracings Before and During Avertin Anaesthesia. Case 1 


from 180 to 1,210 cc. and averaged 510 cubic cen- 
timeters, or 19 per cent of the average subtidal 
volume. Of the 3 cases which failed to show 
any decrease, 2 (Cases 7 and 12) were never 
completely unconscious, reacting to sensory 
stimuli, moving and talking. The third case 
(Case 13) was very slow in induction; in 15 min- 
utes he was sufficiently relaxed to permit introduc- 
tion of a pharyngeal airway which was impossible 
in the other 2. No postoperative studies were 
made in these 3, nor in 3 others because of death 
in 1 and postoperative pulmonary complications 
in 2 (Cases 2, 5, and 9). Of the remaining 11 
in which postoperative determinations were made 
at least once before discharge, the subtidal lung 
volume had returned to the preoperative level or 
above in 5, almost completely so in 3, and not at 
all in 3. 

A marked regularity of respiration and smooth- 
ness in the spirometer tracings was noticed under 
avertin anaesthesia. There was a decrease in 
minute ventilation and oxygen consumption. 
These changes are well illustrated by Case 1 (Fig- 
ure 1). 


Preoperative control 


Duration of breathing period 5£ minutes 

Respiratory rate 18 

Mean tidal 410 cc. 

Minute volume 7380 cc. per 

minute 

Oxygen consumption 259 cc. per 

minute 

* Ventilation equivalent. ... 2,8 

Subtidal lung volume 1790 cc. 


Avertin 

7 

17 

340 cc. 
5780 cc. per 
minute 
183 cc. per 
minute 
3.1 

1500 cc. 


* Number of liters of air respired for each 100 cc. oxygen 
consumed. 


DISCUSSION 

Expiration in the normal resting state is a pas- 
sive phenomenon brought about by the elastic re- 
coil of the lung and chest musculature, and aided 
by gravity and the weight of the abdominal vis- 
cera in some positions. The level at which ex- 
piration ceases is determined by a balance be- 
tween the elasticity of the lung, and the resistance 
of the thoracic and abdominal wall. The prevail- 
ing muscle tone must therefore play a primary 
role in the establishment of the resting expiratory 
level, and likewise the subtidal lung volume. An 
aesthesia of any type, if it reduces muscle tone, 
should reduce the air content of the lungs. . Clin 
ical observations now being completed in this labo 
ratory (8) indicate that morphine sedation alone 
will reduce the subtidal volume in most subjects, 
but at a slower rate than avertin. One migit 
predict that during natural sleep the same effect 
obtains and this has been observed. Spirometer 
tracings from one of our patients who unexpect 
edly but fortunately fell asleep during the course 
of a lung volume determination some months 
after pulmonary lobectomy (Figure 2) show a 
marked sagging of the expiratory level (to the ex 
tent of 500 cubic centimeters) with a rapid return 
to the original level when the patient was stimu 
lated and awakened by a sudden noise. 

Clinical experience with avertin indicates tiat re 
depth of anaesthesia and the degree of muscu ar 
relaxation are variable and unpredictable, e P^ n 
ing on dosage, rate of absorption and excretio • 
There should therefore be a considerable vana 




Patient, undergoing routine post-lobectomy lung volume determinations, 
became drowsy and fell asleep during the course of the second (or mid- 
dle) tracing. Note resumption of usual expiratory level when stimulated 
and fully awakened. 


in the degree of lung volume decrease under the 
influence of this drug, and this seems to be the 
case. In 10 of the patients studied, it was pos- 
sible to make two successive determinations under 
anaesthesia; it will be noted in Table I that, when 
the first determination was made less than 25 min- 
utes after the rectal administration of the drug, 
the second determination was usually somewhat 
lower. This correlates with the fact that the 
maximal blood concentration (6 to 10 mgm. per 
cent) usually occurs about 30 minutes after ad- 
ministration, 85 per cent of the avertin having 
been absorbed at that time (6). 

Of the 14 patients who demonstrated a decrease 
in subtidal lung volume under avertin, 5 were 
males, with an average decrease of 720 cc. and 9 
females, with an average decrease of 390 cc. 
Whether this discrepancy has a bearing on the 
known preponderance of postoperative pulmonary 
complications in males cannot be definitely stated 
in view of the small number of cases involved. 

Avertin exerts a strong depressant action on 
the medullary vasomotor centers. Five of the 17 
cases showed an immediate drop of systolic blood 
pressure in excess of 20 millimeters. However, 
this group presented an average decrease of only 
300 cc. in subtidal volume, as compared with 510 
cc. for the whole group. It seems unlikely, there- 
fore, that a primary vascular effect with redistri- 
bution of blood volume is responsible for the de- 
crease in subtidal air. 

SUMMARY AND CONCLUSIONS 

1. A reduction in subtidal lung volume occurred 
in 14 of 17 subjects following the administration 


of avertin (tribromethanol) in basal anaesthetic 
doses. In the remaining 3, anaesthesia was 
incomplete. 

2. The maximum decrease was observed in the 
neighborhood of 30 minutes following adminis- 
tration of the drug when the circulating blood 
concentration of the drug is known to be highest. 

3. The probable cause of this decrease is con- 
sidered to be a diminution in muscle tone, with 
a consequent disturbance of the normal balance 
between the elastic lung and the supporting mus- 
culature of the thorax and abdomen. 

4. Other evidences of respiratory depression 
are found and described. 
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INULIN AND CREATININE CLEARANCES IN CHIL- 
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( From the Hospital of The Rockefeller Institute for Medical Research, New York City) 
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During the past 6 years we have observed that, 
in children with the nephrotic syndrome, the urea 
clearance is not infrequently increased for periods 
of 1 or more months to 140 per cent or more of 
the average clearance of normal children of simi- 
lar age and size. The phenomenon has occurred 
with the same frequency in both sexes. In a 
group of 33 nephrotic children all less than 10 
years of age who were admitted to the Hospital, 
we have seen this type of elevation in 14 (or 42 
per cent) of the patients. In 6 of the 14 patients 
the elevation has persisted for a period of at least 
6 months; in 1 of our nephrotic children the urea 
clearance has been consistently elevated to between 
200 and 300 per cent of normal for 6 years. 
These nephrotic children have been found by Farr 
(1) to show also a degree of lability of the urea 
clearance not noted in normal adult man (2) or, 
in our experience and in that of others, in children 
or adults (3) with decreased urea clearances. 
When the dietary protein was reduced from the 
optimum intake of 3 grams per kilo to 1 gram or 
less, the urea clearance showed a parallel fall. 
In contrast to our young children, only 2 out of a 
group of 54 nephrotic adults and children over 
10 years of age observed in this Hospital have 
shown high clearances ; these were aged 1 1 and 18 
years. 

The mechanism of this high urea clearance in 
nephrotic children has not been explained. In the 
present study we have sought to determine 
whether the increased urea clearance is accom- 
panied by a similar increase in the inulin clearance, 
which is believed to equal the volume of the 
glomerular filtrate (4). We have also deter- 
mined the ratios of inulin clearance to urea clear- 
ance and to creatinine clearance in these patients, 
and compared them with the same ratios in neph- 
rotic children with diminished urea clearances, and 
in children who have recovered from acute 
nephritis 


Patients studied and experimental procedures followed 

The patients studied in our experiments were 3 neph- 
rotic children (R. Q., S. G., R. if.) with high urea clear- 
ances, 2 nephrotic children (J. C, S. W.) and 1 nephrotic 
adult (A. C.) with low urea clearances and, as controls 
with normal renal function, 2 children who had recovered 
from acute hemorrhagic Bright's disease. Of the 3 pa- 
tients in the high clearance group, 1, R. M., had a urea 
clearance consistently elevated to above 140 per cent of 
normal; the other 2 patients had urea clearances always 
above 100 per cent of normal and frequently above 140 
per cent. All the nephrotic patients exhibited proteinuria 
and hyperlipemia and had plasma albumin levels below 
2.5 grams per 100 cc. Edema had been present previously 
in each case but was observed only in S. G. at the time 
of these experiments. Detailed laboratory and clinical 
data on 4 of these patients (R. Q., S. G., J. C., S. W.) 
have been published elsewhere (5, 6). For several months 
previous to these experiments all of the patients except 
B. D. and A. C. had been fed a diet which provided 3 
grams of protein per kilogram of ideal body weight. The 
daily intake of sodium chloride was 1 to 1.5 grams. 

All tests were performed under fasting conditions; the 
subjects were kept in bed during the clearance periods. 
Preceding and during the experiments, from 1 to 2 liters 
of water were administered orally to maintain an adequate 
flow of urine. The patients were not catheterized. Af- 
ter 2 or 3 control periods, each of approximately 1 hour’s 
duration, during which specimens of urine and a single 
blood sample were obtained for the determination of urea 
and " endogenous " creatinine clearances, creatinine was 
administered orally. One hour later a single injection of 
inulin, prepared as a 10 per cent solution in 0.85 per cent 
sodium chloride solution, 1 was administered intravenously 
during the course of 15 to 20 minutes. The quantities 
of creatinine and inulin given varied in the individual 
experiments as shown in Tables I, II and III. Thirty to 
60 minutes following the injection of inulin, urine col- 
lections were resumed for the determination of simul- 
taneous inulin, “ exogenous ” creatinine, and urea clear- 
ances. The duration of these latter periods of urine col- 
lection varied usually from 30 to 60 minutes and %vas 
determined by the patients’ desire to void. Venous blood 
samples were obtained at the beginning and end of each 
period. 

1 The 10 per cent solution of inulin in saline was pur- 
chased from the U. S. Standard Products Co., Wood- 
worth, Wisconsin. 
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TABLE I 

Nephrotic patients with high urea clearances . Comparison of inulin , creatinine , and clearances 


Subject 

Period 

Dura- 

tion 

Urine 

flow 

vtt 

Plasma levels 

Urine levels 

Clearances 

Clearance 

ratios 

Inulin 


Urea 

N 

Inulin 

Creat- 

inine 

Urea 

N 

Inulin 

Endog 

enous 

creat- 

inine 

- Exog- 
enous 
creat- 
inine 

Urea 

Exog- 

enous 

creat- 

inine: 

Inulin 

Urea: 

Inulin 





mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

cc. 

cc. 

cc. 

cc. 







per 

per 

per 

per 

per 

per 

plasma 

plasma 

plasma 

plasma 






minute 

100 

100 

100 

100 

100 

100 

per 

per 

per 

Per 







cc. 

cc . 

cc. 

cc. 

cc. 

cc. 

minute 

minute 

minute 

minute 



R. Q. 9 

1 

60 

3.61 



7.5* 



230* 




in* 



8 years 

2§ 

55 

4.30 



6.2* 



177* 




122* 



(F factor ft = 1.74) 

3 

60 

6.68 

11.6 


6.2* 

mmi 


105* 

190 



113* 


ItKEa 

January 25, 1940 

4 

60 

3.55 

4.4 


6.4* 

n 


192* 

226 



106* 


H 


Average 

208 

■ 

m 

113 



Idem 

i 

70 

■iwrJ 


0.33 

7.6 


9.2 

146 


184 


129 



March 11, 1940 

2 

57 






15.6 

194 


166 


91 




3 

58 

Bit El 





14.0 

208 


173 


113 





59 

2.32 


3.45 

7.5 


117.4 

282 




87 




5 || 

75 

6.10 


7.38 

7.0 


340.0 

105 



281 

92 




6 

33 

1.03 

21.0 

5.45 

7.0 

4300 

2030.0 

418 

212 


386 

86 

1.82 



7 

32 

2.40 

14.6 

4.55 

6.5 

1200 

586.0 

256 

197 


309 

95 

1.57 



8 

41 

3.84 

10.4 

3.78 

6.5 

450 

220.0 

128 

166 


223 

75 

1.34 




34 

7.64 

7.2 

3.00 

7.2 

185 

114.0 

103 

196 


290 

110 

1.48 



Average 

193 

174 

297 

98 



S. G. <? 

i 

114 

2.01 


0.28 

9.1 


Efi 

418 

Ml 

eg 

■■ 

92 



10 years 

2 

61 

4.70 





mm 

202 



Ipjii 

104 



(F factor Jt = 1.75) 

3 1 if 

60 

3.04 


2.30 



fEral 

262 

i 

1 

INIII 

88 



February 26, 1940 

411 

60 

6.25 


3.67 

8.9 


216.0 

123 

11 ; 


RMS 

86 




5 

60 

1.81 

18.1 

2.26 

9.1 

1520 

420.0 

346 

I 

■ 


72 

2.21 

0.47 


6 

60 

1.20 

8.7 

1.32 

9.4 

1380 

440.0 

468 

mm 

I 

370 

Wilim 

1.95 

0.41 



62 

0.62 

5.6 

0.95 

12.8 

1160 

403.0 

316 



263ft 

mSm 

2.04 

0.22 



58 

1.69 

3.2 

0.75 

14.4 

620 

123.0 

478 


■ 

276 

EH 

0.84 

0.19 


Average 

171 

187 

366 

86 

■ 


R. M. cf 

i 

55 

2.99 


t 

7.1 



323 


t 


136 



3 years 

2 

60 

11.10 






76 




119 



(F factor} t = 2.75) 

3 

58 

6.55 






116 




103 



April 16, 1940 


52 

3.59 


3.60 



334.0 

207 



333$ 

105 




511 

50 

7.05 


11.96 

6.7 


634.0 

101 



373 

105 


0.53 


6 

35 

10.80 

51.5 

11.12 

6.7 

1030 

358.0 

72 

216 


349 

115 

1.62 


7 

30 

6.96 

20.0 

9.40 

6.6 

760 

400.0 

95 

265 


296 

100 

1.12 

0.38 


8 

30 

1.46 

14.3 

7.05 

6.6 

2300 

1672.0 

467 

236 


348 

121 

1.47 

0.51 


9 

45 

7.53 

9.8 

5.26 

6.7 

270 

195.0 

104 

207 


279 

116 

1.35 

0.5o 

i 

10 

30 

5.68 

5.0 

3.70 

7.0 

200 

170.0 

104 

237 


261 

85 

1.10 

0.3o 


Average 

233 


320 

111 





* In these experiments, whole blood and urine were analyzed for urea-plus-ammonia nitrogen by the gasometri 
hypobromite method. The use of the hypobromite method in analyzing whole blood and urine has been demonstrat 
in our high-clearance patients to furnish whole blood clearance results not deviating by more than 10 per centiro 
simultaneous plasma clearance determinations in which plasma and urine were analyzed by the urease method, we c » 
all clearance values have been tabulated as 11 plasma* ' clearances, and used as such in calculating ratios, 
f Endogenous plasma creatinine too low to measure. 
t Plasma creatinine level rising during this period. 

§ Inulin 5 grams given intravenously during this period. 

|| Inulin 10 grams given intravenously during this period. 

H Creatinine 4 grams given by mouth during this period. 

** Creatinine 5 grams given by mouth during this period. * , 

tt Casein hydrolysate 20 grams given intravenously during this period, with subsequent chill and rise ol tempera 
to 103.4°. Clearance values in Periods 7 and 8 not used in calculating averages. . , 

It To obtain 11 V” which is the urine flow per minute per 1.73 square meters of body surface, the obscrvecl ur1 ^ * 
has been multiplied by the 41 V factor,” which is the ratio of 1.73 to the subject's surface area in square meters, deter 
•> . his age and height (15). 
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Casein hydrolysate, 2 prepared as a 10 per cent solution 
(6, 7) was given intravenously on at least one occasion 
to each of the low-clearance patients, and to S, G. in the 
high-clearance group. The amino acid mixture was given 
after 1 or 2 periods of simultaneous determination of 
inulin, urea, and creatinine clearances, and all clearances 
were again determined during 1 or 2 subsequent periods. 
The quantities of casein hydrolysate given to each patient 
are shown in Tables I and II. 

ANALYTICAL METHODS 

Urea-plus-ammonia nitrogen in whole blood and urine 
was determined in some experiments by the hypobromite 
gasometric method of Van Slyke and Kugel (8) ; the ex- 
periments in which this method was used are indicated 
by an asterisk in Tables I and II. In the remainder 
plasma and urine urea nitrogen were determined by the 
gasometric urease method of Van Slyke (9). 

2 Furnished through the generosity of Mead Johnson 
and Co,, Evansville, Indiana. 


Creatinine was determined with the Summerson (10) 
photoelectric colorimeter by the method of Folin and Wu 
as modified by Miller and Winkler (11). The plasma 
values of the 2 control patients v/ere corrected for non- 
creatinine chromogen by the specific enzymatic method 
of Miller and Dubos (12). In the high-clearance group 
the ** endogenous ” plasma chromogen levels were so low 
as to make accurate determination of non-creatinine 
chromogen impossible ; indeed, in the case of R. M. there 
was no Jaffe reaction demonstrable in the plasma filtrate. 
In the single low-clearance patient (J. C.) in which it 
was determined, the non-creatinine chromogen was less 
than 10 per cent of the total chromogenic substance of 
the plasma; no corrections have been applied to the 
plasma values of the low-clearance group. 

Plasma and urinary inulin were determined by the 
technique described by Alvmg , Rubin and Miller (13), 
w’hich was modified slightly according to suggestions made 
by Dr. A. S. Alvmg in personal communications; the 
Summerson photoelectric colorimeter was employed. 


table n 

Nephrotic patients with low urea clearances . Comparison of inulin } creatinine , and urea clearances 


Subject 


1 

Urine 

flow 

Plasma levels 

Urine levels 

Clearances 

Clearance ratios 

Inu- 

lin 

Cre- 

ati- 

nine 

Urea 

N 

Inu- 

lin 

■ 

■ 

Urea 

N 

Inulin 

Endog- 

enous 

creat- 

inine 

Exog- 

enous 

creat- 

inine 

Urea 

Endog- 

enous 

creat- 

inine: 

Inulin 

Exog- 

genous 

creat- 

inine: 

Inulin 

Urea: 

Inulin 



S 

cc. 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

cc. 

cc. 

cc. 

cc. 






; min - 

per 

per 

per 

per 

per 

per 

per 

plasma 

plasma 

plasma 

plasma 






utes 

min~ 

mroM\ 

WEni 

100 

MEim 

100 

WEM\ 

per 

Per 

per 

per 







ute 

cc. 

cc. 

cc. 

cc. 

cc. 

cc. 

minule 

minute 

minute 

minute 




A. C. 9 

i 

84 

2.06 


EO 

33.7* 


34.2 

203* 


17.6 


12.3* 




21 years 

2§ 

60 

2.65 



32.7* 


29.1 

178* 


19.7 


14.4* 




( V factor §§~ 1,03) 

3 

60 

3.57 

30.5 


34.4* 

125 

22.8 

135* 

14.7 

21.0 


14.0* 

1.43 


0.95* 

February 5, 1940 

4 

60 

3.04 

25.5 


33.6* 

120 

25.1 

152* 

14.3 

19.2 


13.7* 

1.34 


0.96* 


Average 

. . _ 

14.5 

19.4 

H 

13.6* 


Idem 

1 

62 

2.28 


4.1 

32.9* 


33.0 

188* 


18.5 


13.2* 




February 10, 1940 

2 

60 

3.69 





24.1 

114* 


19.7 


12.9* 





3 

57 

3.92 





21.2 

111* 


20.1 


13.4* 





4 

60 

1.88 





34.3 

203* 


15.7 


12.0* 





5J1 

62 

3.30 


8.1 



32.3 

131* 




13.2* 





6 

64 

3.24 

37.7 

14.2 

31.8* 

155 

65.5 

127* 

13.5 


14.9f 

13.0* 


1.10 

0.96* 


7 

59 

2.65 

31.2 

16.2 

31.5* 

165 

108.4 

152* 

14.1 


17.7 

12.9* 


1.26 

0.91* 


OO 

58 

3.84 

28.2 

15.8 

32.5* 

113 

73.0 

110* 

15.5 

i 

i 

17.7 

13.1* 


1.14 

0.85* 


9 

62 

2.52 

27.0 

15.4 

32.6* 

128 

94.9 

155* 

12.0 

j 

15.5 

12.1* 


1.29 

1.01* 


Average 

13.8 

18.5 

16.5 

12.9* 


S.W. 9 

1 

57 

2.28 


2.7 

44.6* 


15.2 

223* 


12.8 


11.4* 




4 years 

2 

55 

4.07 





9.7 

143* 


14.7 


13.0* 




{V fact or§§ —2.95) 

3 

61 

2.13 





15,5 

224* 


12,3 


10.7* 




February 13, 1940 

4 t 

62 

1.90 


4.3 



35.0 

238* 




10.4* 





5 

68 

2.17 

44.1 

10.4 

43.5* 

282 

82.7 

193* 

13.9 


17.2f 

9.6* 


1.24 

0.69* 


6 

54 

2.41 

39.8 

13,5 

42.6* 

205 

88.4 

174* 

12.4 


15.7 

9.9* 


1.27 

IflEEJ 


7» 

62 

2.09 

35.8 

12.8 


205 

94.5 

212* 

12.0 


15.4 

9.6* 


1.2S 

0.80* 


8 

53 

2.50 

32.0 

12,0 

44.4* 

140 

76,8 

193* 

10.9 


16.3 

10.5* 


1.50 

0.96* 


Average 

12.3 

13.3 

16.1 
























































TABLE I 

Nephrotic patie7its with high urea clearances . Comparison of innlin , creatinine f and «rca clearances 


Subject 

Period 

Dura- 

tion 

Urine 

flow 

vn 

Plasma levels 

Urine levels 

Clearances 

Clearance 

ratios 

Inulin 


Urea 

N 

Inulin 

Creat- 

inine 

Urea 

N 

Inulin 

Endog 

enous 

creat- 

inine 

- Exog- 
enous 
creat- 
inine 

Urea 

Exog- 

enous 

creat- 

inine.* 

Inulin 

Urea: 

Inulin 




Ml 


mgm. 

mgm. 

mgm. 

mem. 

mgm. 

■M 

HUH 

cc. 

cc. 








per 

per 

per 

per 

per 



plasma 

plasma 






m 


100 

100 

100 

100 

100 

■HSte 

fm Spi 

per 

per 







cc. 

cc . 

cc . 

cc. 

cc. 

cc. 



minute 

minute 



R.Q. ? 

i 

60 

3.61 



7.5* 



230* 




BQQ 



8 years 

2§ 

55 

4.30 



6.2* 



177* 




■W hi 

1 


{V factor |f - 1.74) 

3 

60 

6.68 

11.6 


6.2* 




190 



1119 



January 25, 1940 

4 

60 

3.55 

4.4 


6.4* 

280 


192* 

226 



106* 


mi 


Average 

208 



113 



Idem 

i 

70 



0.33 

7.6 


9.2 

146 


184 


129 



March 11, 1940 

2 

57 






15.6 

194 


166 


91 




3 

58 






14.0 

208 


173 


113 




4H 

59 

2.32 


3.45 

7.5 


117.4 

282 




87 




5 

75 

6.10 


7.38 

7.0 


340.0 

105 



281 

92 




6 

33 

1.03 

21.0 

5.45 

7.0 

4300 

2030.0 

418 

212 


386 

86 

1.82 

■ u? ■ 


7 

32 

2.40 

14.6 

4.55 

6.5 

1200 

586.0 

256 

197 


309 

95 

1.57 



8 

41 

3.84 

10.4 

3.78 

6.5 

450 

220.0 

128 

166 


223 

75 

1.34 

I{K£jB 



34 

7.64 

7.2 

3.00 

7.2 

185 

114.0 

103 

196 


290 

110 

1.48 



Average 

193 

174 

297 

98 

■ 


S.G. c? 

i 

114 

2.01 


0.28 

9.1 


24.7 

418 




92 



10 years 

2 

61 

4.70 





11.7 

202 


iftfl 

I 

104 



(F factor it = 1.75) 

3 ,f 

60 

3.04 


2.30 



295.0 

262 


mm 

EMI 

88 



February 26, 1940 

411 

60 

6.25 


3.67 

8.9 


216.0 

123 


H | 

368 

86 


0.47 


5 

60 

1.81 

18.1 

2.26 

9.1 

1520 

420.0 

346 

152 

■ 

336 

72 



6 

60 

1.20 

8.7 

1.32 

9.4 

1380 

440.0 

468 


■ 

370 

mSM 


0.41 



62 

0.62 

5.6 

0.95 

12.8 

1160 

403.0 

316 

129ft 

■ ■ 

263ft 


2.04 




58 

1.69 

3.2 

0.75 

14.4 

620 

123.0 

478 

327 

■ 

276 

H 

0.84 



Average 

171 



86 

8U 


R. M. c? 

i 

55 

2.99 


t 

7.1 



323 


t 


136 



3 years 

2 

60 

11.10 






76 




119 



( V factorff = 2.75); 

3 

58 

6.55 






116 




103 



April 16, 1940 

4** 

52 

3.59 


3.60 



334.0 

207 



333f 

105 



i 

5U 

50 

7.05 


11.96 

6.7 


634.0 

101 



373 

105 


n 1 1 


6 

35 

10.80 

51.5 

11.12 

6.7 

1030 

358.0 

72 

216 


349 

115 

1.02 

0.33 


7 

30 

6.96 

20.0 

9.40 

6.6 

760 

400.0 

95 

265 


296 

100 

1.12 

0.3o 


8 

30 

1.46 

14.3 

7.05 

6.6 

2300 

1672.0 

467 

236 


348 

121 

1.47 

0.3 1 

r\ 


9 

45 

7.53 

9.8 

5.26 

6.7 

270 

195.0 

104 

207 


279 

116 

1.35 

0.50 

1 

10 

30 

5.68 

5.0 

3.70 

7.0 

200 

170.0 

104 

237 


261 

85 

1.10 

0.30 


Average 

233 


320 

111 


__ 


* In these experiments, whole blood and urine were analyzed for urea-plus-ammonia nitrogen by the gasome 
hypobromite method. The use of the hypobromite method in analyzing whole blood and urine has been demonstra 
in our high-clearance patients to furnish whole blood clearance results not deviating by more than 10 per cent u 
simultaneous plasma clearance determinations in which plasma and urine were analyzed by the urease method. Lie > 
all clearance values have been tabulated as “plasma” clearances, and used as such in calculating ratios, 
t Endogenous plasma creatinine too low to measure, 
t Plasma creatinine level rising during this period. 

§ Inulin 5 grams given intravenously during this period. 

H Inulin 10 grams given intravenously during this period. 

«[ Creatinine 4 grams given by mouth during this period. 

** Creatinine 5 grams given by mouth during this period. . ' ture 

ff Casein hydrolysate 20 grams given intravenously during this period, with subsequent chill and rise oi temper 
to 103.4°. Clearance values in Periods 7 and 8 not used in calculating averages. _ , , n ow 

It To obtain 41 TV* which is the urine flow per minute per 1.73 square meters of body surface, the obseH^ca ur1 ^ - cc t 
has been multiplied by the “ V factor/ * which is the ratio of 1.73 to the subject's surface area in square meters, dete 
from his age and height (15). 
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Casein hydrolysate, 2 prepared as a 10 per cent solution 
(6, 7) was given intravenously on at least one occasion 
to each of the low-clearance patients, and to S. G. in the 
high-clearance group. The amino acid mixture was given 
after 1 or 2 periods of simultaneous determination of 
inulin, urea, and creatinine clearances, and all clearances 
were again determined during 1 or 2 subsequent periods. 
The quantities of casein hydrolysate given to each patient 
are shown in Tables I and II. 

ANALYTICAL METHODS 

Urea-plus-ammonia nitrogen in whole blood and urine 
was determined in some experiments by the hypobromite 
gasometric method of Van Slyke and Kugel (8) ; the ex- 
periments in which this method was used are indicated 
by an asterisk in Tables I and II. In the remainder 
plasma and urine urea nitrogen were determined by the 
gasometric urease method of Van Slyke (9). 

2 Furnished through the generosity of Mead Johnson 
and Co., Evansville, Indiana. 


Creatinine was determined with the Summer son (10) 
photoelectric colorimeter by the method of Folin and Wu 
as modified by Miller and Winkler (11). The plasma 
values of the 2 control patients were corrected for non- 
creatinine chromogen by the specific enzymatic method 
of Miller and Dubos (12). In the high-clearance group 
the “ endogenous ” plasma chromogen levels were so low 
as to make accurate determination of non-creatinine 
chromogen impossible; indeed, in the case of R. M. there 
was no Jaffe reaction demonstrable in the plasma filtrate. 
In the single low-clearance patient (J. C.) in which it 
was determined, the non-creatinine chromogen was less 
than 10 per cent of the total chromogenic substance of 
the plasma ; no corrections have been applied to the 
plasma values of the low-clearance group. 

Plasma and urinary inulin were determined by the 
technique described by Alving, Rubin and Miller (13), 
which was modified slightly according to suggestions made 
by Dr. A. S. Alving in personal communications; the 
Summerson photoelectric colorimeter was employed. 


TABLE II 


Nephrotic patients with low urea clearances. Comparison of inulin , creatinine , and urea clearances 


Subject 

Period 

Dur- 

ation 

Urine 

flow 

F§§ 

Plasma levels 

Urine levels 

Clearances 

Clearance ratios 

Inu- 

lin 

Cre- 

ati- 

nine 

Urea 

N 

Inu- 

lin 

HIS 

11 

Urea 

N 

Inulin 

Endog- 

enous 

creat- 

inine 

Exog- 

enous 

creat- 

inine 

Urea 

Endog- 

enous 

creat- 

inine: 

Inulin 

Exog- 

genous 

creat- 

inine: 

Inulin 

Urea: 

Inulin 




■ 

cc. 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

cc. 

cc. 

cc. 

cc. 


mm 





EKai 

per 

per 

Per 

per 

per 

per 

per 

plasma 

Plasma 

Plasma 

plasma 







utcs 

min- 

wTom\ 

WUjm 

WO 

mWM'. 

WO 

mujm 

per 

per 

per 

per 


■ 






ute 

cc. 

cc. 

cc. 

cc. 

cc. 

cc. 

minute 

minute 

minute 

minute 




A. C. 9 


1 

84 

2.06 



33.7* 


34.2 

203* 


17.6 


12.3* 


■ 


21 years 


2§ 

60 

2.65 



32.7* 


29.1 

178* 


19.7 


14.4* 


■ 


(V factor§§ = 

1.03) 

3 

60 

3.57 

Hal 


34.4* 

125 

22.8 

135* 

14.7 

21.0 


14.0* 

1.43 

■ 

0.95* 

February 5, 

1940 

4 

60 

3.04 

25.5 


33.6* 

120 

25.1 

152* 

14.3 

19.2 


13.7* 

1.34 

■ 

0.96* 



Average 

14.5 

19.4 

■ 

13.6* 


Idem 


1 

62 

2.28 


4.1 

32.9* 


33.0 

188* 


18.5 


13.2* 





1940 

2 

60 

3.69 





24.1 

114* 


19.7 


12.9* 





3 

57 

3.92 





21.2 

111* 


20.1 


13.4* 






4 

Til 

1.88 





34.3 

FEES 


15.7 


12.0* 






511 

62 

3.30 


8.1 



32.3 

131* 




13.2* 






6 

64 

3.24 

37.7 

14.2 

31.8* 

155 

65.5 

127* 

13.5 


14.9f 

13.0* 


1.10 

0.96* 



7 

59 

2.65 

31.2 

16.2 

31.5* 

165 

108.4 

152* 

14.1 


17.7 

12.9* 


1.26 

0.91* 



8« 

58 

3.84 

28.2 

15.8 

32.5* 

113 

73.0 

110* 

15.5 


17.7 

13.1* 


1.14 

0 85* 



9 

62 

2.52 

27.0 

15.4 

32.6* 

128 

94.9 

155* 

12.0 


15.5 

12.1* 


1.29 

1.01* 



Average 

13.8 

18.5 

16.5 

12.9* 


S. W. 9 


1 

57 

2.28 


2.7 

44.6* 


15.2 

223* 


12.8 


11.4* 




4 years 


2 

55 

4.07 





9.7 

143* 


14.7 


13.0* 




{V factor§§ = 

= 2.95) 

3 

61 

2.13 





15.5 

224* 


12.3 


in 7* 




February 13 

,1940 

4t 

62 

1.90 


4.3 



35.0 

238* 




1U. l 

in 4* 






5 

6 

68 

54 

2.17 

2.41 

44.1 

39.8 

10.4 

13.5 

43.5* 

42.6* 

282 

205 

82.7 

88.4 

193* 

174* 

13.9 

12.4 


17.2f 

1 S 7 

9.6* 

0 0* 

j 

1.24 

0.69* 



m 

62 

2.09 

35.8 

12.8 

EKfiia 

205 

94.5 

212* 

12.0 


1 ^ A 

y.y 


1.27 

0.80* 



8 

53 

2.50 


im 

44.4* 

140 

76.8 

193* 

10.9 


16.3 

y.o 

10.5* 


1.28 

1.50 

0.80* 

0.96* 



Average 

12.3 

1 

13.3 

: 16.1 

10.6* 
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table ii ( Continued ) 


Subject 

Period 

Dur- 

ation 

Urine 

flow 

F§§ 

Plasma levels 

Urine levels 

Clearances 

Clearance ratios 

Inu- 

lin 

Cre- 

ati- 

nine 

Urea 

N 

Inu- 

lin 

1 

Urea 

N 

Inulin 

Endog- 

enous 

creat- 

inine 

Exog- 

enous 

creat- 

inine 

Urea 

Endog- 

enous 

creat- 

inine; 

Inulin 

Exog- 

enous 

creat- 

inine: 

Inulin 

Urea: 

Inulin 




cc. 

m gin. 

mgm. 

mgm. 

mgm. 

vtgm. 

mgm. 

cc. 

cc. 

cc. 

cc. 






min- 

per 

per 

per 

per 

per 

per 

per 

plasma 

plasma 

plasma 

plasma 






utes 

min - 

100 

100 

100 

100 

100 

100 

per 

per 

Per 

per 







ule 

cc. 

cc. 

cc. 

cc. 

cc. 

cc. 

minute 

minute 

minute 

minute 




j. c. <? 

i 

EES 

2.77 


2.0 

38.1* 


19.0 

227* 


25.8 


16.5* 

j 

yj 



7 years 

2 

47 

4.23 


1.9 



12.5 

136* 


27.1 


15.2* 




(Ffactor§§ = 2.26) 

3§ 

74 

4.70 



37.0* 


11.2 

130* 


27.1 


16.5* 




January 29, 1940 

4 

60 

4.74 

63.3 

2.0 

37.2* 

260 

11.1 

121* 

19.6 

26.1 


15.4* 

1.33 


1 HWli 

5 

61 

3.63 

52.7 


36.9* 

240 

12.9 

149* 

16.5 

23.3 


14.5* 

1.41 




Average 

18.0 

25.9 


15.6* 


Idem 

i 

101 

3.14 


2.0 



15.4 



24.2 






Februarv 1, 1940 

2 

80 

4.74 



39.6* 


8.9 

EEnB 


21.2 


14.4* 





3** * * §§ 

54 

5.35 


9.9 



52.4 

118* 



28.2 f 

15.9* 





4§ 

61 

4.70 


18.1 

38.8* 


107.2 

126* 



27.8f 

15.2* 





5 

60 

5.63 

60.5 

18.0 

37.1* 

200 

96.0 

115* 

18.5 


30.0 

17.5* 


1.62 


6Jt 

63 

4.03 

50.0 

vm 

41.0* 

220 

116.0 

162* 

17.7 


27.1 

16.0* 


1.53 



7 

57 

5.05 

44.4 

1 

41.9* 

140 

88.7 


16.0 


26.9 

16.3* 


1.68 

h| 


Average 

17.4 

22.7 

i 

28.0 

15.9* 


Idem 


61 

9.05 


4.6 

100.0 


18.1 

260 


35.9 


23.5 




March 7, 1940 


60 

6.68 





17.5 

247 


25.5 


16.5 





3 

76 

0.38 





12.1 

152 




1.3 





411 

54 

6.84 


10.0 



21.5 

203 




13.9 





5§ 

66 

3.62 


17.1 

98.6 


51.3 

182 



10.9| 

6.5 


1.16 

BBI 


6 

59 

3.58 

82.0 

17.6 


205 

50.6 

176 

9.0 


10.4 

6.4 



7 

70 

3.60 

74.0 

16.6 

92.5 

170 

46.9 

178 

8.3 


10.2 

6.9 


1.23 



8tt 

140 

2.99 

60.0 

16.0 

96.4 

195 

55.9 

222 

9.7 


10.5 

6.9 


1.08 

H 


Average 

— 


— 

— 



* See asterisked footnote Table I. 

t Plasma creatinine level rising during this period. 

X Inulin 3.5 grams given intravenously and creatinine 1 gram given by mouth during this period. 

§ Inulin 5 grams given intravenously during this period. 

|| Inulin 5 grams given intravenously and creatinine 4 grams given by mouth during this period. 
^ Creatinine 2 grams given by mouth during this period. 

** Creatinine 5 grams given by mouth during this period. 

ft Casein hydrolysate 5 grams given intravenously during this period. 

XX Casein hydrolysate 10 grams given intravenously during this period. 

§§ See footnote Jt, Table I. 


CALCULATIONS 

The urea, creatinine, and inulin clearances were calcu- 
lated as the number of cc. of plasma cleared per minute 
per 1.73 square meters of surface area. The formula 8 

8 The general clearance formula, introduced by Miller, 
McIntosh, and Van Slyke (14), is: 

Clearance = 

U and P are, respectively, the concentrations in urine 
and plasma of the excreted substance — urea, creatinine, or 
inulin, etc. — and V is the urine flow expressed as cc. 
per minute per 1.73 square meters of body surface. The 


of Miller, McIntosh and Van Slyke (14) was used. We 
have termed “endogenous” the creatinine clearances 
which were measured without administration of creatinine, 

use of surface area in this calculation, as in the calcula 
tion of McIntosh, Miller and Van Slyke (15), makes 
the clearance formula give the same normal values or 
infants and children as for adults (15, 16). The sur ace 
area used in the calculation is estimated from the heig 
and age of the child, as described by McIntosh et al. ( )* 

When the urine volume is above 2 cc. per minute per 
1.73 square meters of body area, the urea clearance m 
man is independent of volume change ,* hence, urea c ear^ 
ances with V above 2 cc. have been termed maximum 
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TABLE III 

Control subjects (recovered group). Comparison of inulin , creatinine , and urea clearances 


Subject 

Period 

Dura- 

tion 

Urine 

flow 

VI 

Plasma levels 

Urine levels 

Clearances 

Clearance 

ratios 

Inulin 

Creat- 

inine 

Urea 

N 

Inulin 

Creat- 

inine 

Urea 

N 

Inulin 

Endog- 

enous 

creat- 

inine 

Exog- 

enous 

creat- 

inine 

Urea 

Exog- 

enous 

creat- 

inine: 

Inulin 

Urea: 

Inulin 





mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

cc. 

cc. 

cc. 

cc. 





mm- 


per 

Per 

per 

Per 

per 

per 

plasma 

plasma 

plasma 

plasma 





utes 

v" 

100 

100 

Mimm 

100 

100 

100 

per 

per 

per 

per 






inmate 

cc. 

cc. 

cc. 

cc. 

cc. 

cc. 

minute 

minute 

minute 

minute 



H.G. $ 

1 


1.47 


0.48 

14.6 


49.6 

1170 


151 


138 



5 years 

2 


9.11 





6.0 

121 


112 


75 



(V factor § = 2.10) 

3 


2.97 





9.4 

150 


58 


30 



April 22, 1940 

4t 


3.25 


0.70 



18.1 

322 




72 




5* 

50 

5.46 


5.98 

13.4 


162.0 

152 




62 




6 

32 

1.71 

48.6 

13.25 

13.2 

4160 

1300.0 

740 

146 


167 

103 

1.14 

0.71 


7 

30 

3.42 

28.1 

11.12 

12.5 

1200 

570.0 

278 

147 


176 

76 

1.20 

0.52 


8 : 

31 

13.50 

18.8 

8.92 

12.4 

157 

122.0 

78 

113 


185 

78 

1.64 

0.69 


9 

30 

15.00 

13.5 

7.20 

12.7 

84 

88.8 

66 

93 


185 

79 

1.99 

0.85 


10 

30 

5.04 

9,5 

6.14 

12.5 

165 

165.0 

144 

87 


135 

68 

1.55 

0.78 


Average 

117 

1 

107 

170 

78 



B. D. 9 

1 

60 

0.92 


0.46 

13.0 


58.2 

658 

1 

116 

■ 

69 

1 

| 

1 

6 years 

2 

51 

4.63 





11.7 

328 

Hi 

117 

■ ■ 

117 



(V factor § = 2.12) 

3t 

123 

0.67 






451 

■ 


■ 

40 


i 

June 21, 1940 

4* 

63 

7.42 


8.21 

11.8 


197.0 

148 

m 


■ ■ 

93 


i 


5 

30 

2.26 

57.0 

10.16 

11.5 

3870 

626.0 

339 



■ 

67 


’ 0.43 


6 

30 

2,48 

28.0 

10.34 

11.2 

1725 

737.0 

324 

lly| 



72 

: 1.16 

0.47 


7 

31 

4.45 

17.5 

9.40 

10.9 

590 

382.0 

171 

150 


HI 

70 

1.20 

0.47 


8 

29 

4.09 

12.5 

8.38 

9.9 

450 

387.0 

186 

147 


a 

77 

1 1.29 

: 0.52 


Average 

151 

116 

182 

: 76 




* Inulin 10 grams given intravenously during this period. J Creatinine 5 grams given by mouth during this period, 

f Creatinine 4 grams given by mouth during this period. § See footnote ft, Table I. 


and " exogenous ” those which were determined after the 
blood creatinine content was increased by the feeding of 
creatinine. The values for the plasma concentrations of 
inulin and creatinine, in experiments where these sub- 
stances were administered, were estimated for the mid- 
point of each period by interpolation on a graph, plasma 
concentration being plotted arithmetically against time. 
In each instance, the reported values for the inulin clear- 
ances were estimated from data obtained while the plasma 
level of inulin was falling; calculations of exogenous 
creatinine clearances were likewise made from data ob- 

clearances (14). When V is between 0.5 and 2 cc., the 
urea clearance has been found to vary as the square root 
of the urine volume (14). Hence, for volumes within 
this range, the maximum urea clearance is calculated as 

~p X V X or ^,'2 V in this paper. The clearances 

of inulin and creatinine are calculated simply as 

for all urine volumes, since it was noted that a fall of V 
to the range between 2 and 0.5 cc. did not decrease the 
clearance of inulin or creatinine. 


tained while the plasma creatinine concentration was fall- 
ing, except where it is specifically stated otherwise in the 
tables. Since blood urea changed but little during the 
experiment, the plasma urea value directly obtained at 
the end of each period was used in calculating the urea 
clearance for that period. 

RESULTS 

Comparison of urea , inulin and creatinine 
clearances 

The results are given in detail, with respect to 
each patient of the 3 groups, in Tables I, II and 
III. In general, all clearances were affected simi- 
larly in each group of patients . Those patients 
with a high urea clearance had elevated creatinine 
and inulin clearances. In the control group all 
three clearances were within the usual ranges of 
normal values (4, 15, 16, 17). In the low- 
clearance group all three clearances were de- 
pressed. The consistency of the results in each 
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group is best demonstrated by the ratio of urea 
clearance to inulin clearance, which is also shown 
in Tables I, II, and III. The use of the ratio for 
comparative purposes compensates in part for di- 
vergencies in calculated results due to incomplete 
voiding of urine. 

i 

J. C. (Table II) failed to excrete ingested water during 
the experiment of March 7. An abrupt drop in clear- 
ances occurred during the experiment. Soon after the 
close of Period 8 the patient manifested a generalized 
convulsion which we believe was a result of water 
retention. 

Administration of casein hydrolysate 

The intravenous administration of casein hy- 
drolysate to low-clearance patients was not fol- 
lowed by a rise in the clearance values. When it 
was given to S. G. he developed a severe chill and 
hyperpyrexia, with the diverse effects on the clear- 
ances noted in Table I. He had tolerated similar 
injections without reactions during the preceding 
6 months. 

DISCUSSION 

High clearance and glomerular filtration 

Our patients with high urea clearances showed 
similarly high inulin clearances. Therefore, if we 
assume with Chasis and Smith (18) that the inu- 
lin clearance is an accurate index of glomerular 
filtration, we may conclude that in our patients the 
rate of formation of glomerular filtrate was ab- 
normally rapid. 

The question remains, whether the doubling of ’ 
the rate of glomerular filtration was due ( 1 ) to 
doubling of the renal blood flow, with a normal 
filtration fraction of about 20 per cent (4, 19) ; 

(2) to a doubling of the filtered fraction of the 
plasma water, with a concomitant rise in the “ ex- 
traction percentage” (19) of inulin and urea; or 

(3) to a combination of both mechanisms. One 
might expect that the hypoproteinemia of nephro- 
sis, with resultant decrease in plasma oncotic pres- 
sure, would induce glomerular filtration of an in- 
creased fraction of the plasma water. We have, 
however, been unable to find any consistent corre- 
lation between low plasma albumin and high urea 
clearance, since we have observed the high clear- 
ance to persist long after normal plasma protein 
concentration has been regained. It appears, 


therefore, that some cause more dominant than 
hypoproteinemia is chiefly responsible. 4 

Tubular excretion of creatinine 

We have estimated the relative output of cre- 
atinine by glomerular filtration and tubular excre- 
tion on the assumption that the inulin clearance 
measured glomerular filtration. From the data 
of each experiment the rate of total creatinine ex- 
cretion and the rate of filtration of creatinine 
(inulin clearance X plasma creatinine concentra- 
tion) were calculated as mgm. per minute per 1.73 
square meters of body surface and plotted for 
each period against the plasma creatinine concen- 
tration for that period. The periods both with 
and without creatinine feeding were included. 
With uniformity the curves obtained approxi- 
mated straight lines, both for observed total cre- 
atinine excretion and for estimated glomerular 
filtration, at plasma levels up to 10 mgm. per 100 
cc. 

For numerical comparisons of the different sub- 
jects, excretions have been calculated for a con- 
stant plasma creatinine concentration of 10 mgm. 
per 100 cc., or 0.1 mgm. per cc. The calculations 
have been made as follows : 

(c) Total mgm. creatinine excreted per min- 
ute = (cc. plasma cleared of creatinine 
per minute) X 0.1 

(b) Mgm. creatinine filtered by glomeruli per 

minute = (cc. plasma cleared of inulin 
per minute) X 0.1 

(c) Mgm. creatinine excreted by tubules per 

minute — a — b. 

The values for plasma creatinine clearance used 
in formula a and inulin clearance used in formula 
b are the means of the determinations in each 
subject. 

4 There is one type of control that our data lack, vis., 
the estimation of urea clearances on entirely normal chi - 
dren placed on the same regime of diet (salt poor, 
grams of protein per kilo) and activity as our patients. 
The possibility that under these conditions normal, chi - 
dren might show higher than ordinary clearances is not 
excluded by our data, nor by any that we have foun 
in the literature. The absence of such high values in 
normal children on unrestricted diets (16) makes t. ie J r 
occurrence seem improbable, but one cannot say that it is 
absolutely excluded. 
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The results of the calculations are given in Ta- 
ble IV. They indicate that the estimated tubular 
excretion of creatinine in the 3 groups parallels 
glomerular filtration, the mean tubular excretion 
of the high-clearance group being 12.9 mgm. per 
minute and that of the low-clearance group 0.6 
mgm., compared with 4.2 mgm. for the controls. 

TABLE IV 


Rate of excretion of creatinine by dll subjects estimated for 
a plasma creatinine concentration of 10 mgm. per 100 cc., 
corrected to a body surface area of 1.73 square meters 


Patient 

Total 

Filtered 

Secreted 

Recovered group 

mgm. per 
minute 

mgm. per 
minute 

mgm. per 
minute 

H. G. 

17.0 

11.7 

5.3 

B. D. 

18.2 

15.1 

3.1 

Average 

17.6 

13.4 

4.2 

High-clearance group 



10.4 

R. Q. March 11, 1940 

29.7 

19.3 

S.G. 

36.6 

17.1 

19.5 

R, M. 

32.0 i 

23.3 

8.7 

Average 

32.8 

19.9 

12.9 

Low-clearance group 



1.06 

J. C. February 1, 1940 

2.80 

1.74 

March 7, 1940 

1.05* 

0.90* 

0.15* 

S. W. 

1.61 

1.23 

0.38 

A. C. 

1,65 

1.38 

0.27 

Average 

2.02 

1.45 

0.57 


* Not included in average- — see text. 


CONCLUSIONS 

The persistent, abnormally high urea clearance, 
as great as 150 to 200 per cent of normal average, 
observed in certain children with the nephrotic 
syndrome, is a manifestation of generally in- 
creased renal excretory activity, since the inulin 
and creatinine clearances are also elevated above 
normal to approximately the same degree. 

Insofar as tubular activity can be estimated 
from the ratio of exogenous creatinine clearance 
to inulin clearance, it appears that this activity is 
as much accelerated as is glomerular filtration. 

Intravenous injection of amino acids did not 
increase the clearances in patients with diminished 
renal function. 
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Spontaneous recovery from a severe macrocytic 
anemia produced experimentally in young swine 
by a prolonged partial deficiency of the vitamin 
E-complex has not been reported previously. The 
present communication deals with such a study. 


or combination of synthetic factors has proven 
effective as the extrinsic factor. 

Due to the varied hematopoietic response of 
different species to the same treatment, any study 
involving anemia demands care in the selection of 


TABLE i 

Correlation of age, sex, weight , diet and performance of all the animals 


Swine 

Group 

Sex 

Initial 

Weight 

Diet 

Time* un- 
til severest 
anemia 

Time* un- 
til cure of 
anemiat 

Type 

of 

anemia 

Duration 
of experi- 
ment 

Fate 

of 

animal 

number 

age 

Initial 

Anemia 

Final 




weeks 

tbs. 

lbs . 

lbs . 


■weeks 

weeks 


weeks 


1 

I 

M 

14 

46 

52 

52 

A 

22 


Microcytic 

22 

D 

2 

I 

M 

13 

33 

25 

25 

A 

8 


Microcytic 

8 

D 

3 

I-A 

F 

21 

85 


261 

A 



17 

S 

4 

LA 

F 

21 

98 


268 

A 




17 

S 

5 

I-A 

F 

21 

92 


242 

A 




17 

S 

6 

II 

F 

14 

45 


30 

B 




5 

D 

7 

II 

F 

13 

50 


30 

B 




7 

D 

8 

III 

F 

14 

37 

193 

369 

D 

IS 

40 

Macrocytic 

76 

S 

9 

III 

F | 

13 

24 

143 

254 

D 

18 

40 

Macrocytic 

i 

76 

S 

10 

IV 

F 

14 

40 


29 

E 




8 

D 

11 

IV 

F 

13 

36 


30 | 

E 




8 

i 

D 

12 

V 

F 

14 

45 

115 

254 

F 

IS 

! 45 

: Macrocytic 

76 

S 

13 

V 

F 

13 

34 

58 1 

341 

F 

15 

28 

Macrocytic 

! 76 

S 

14 

15 

VI 

VI 

F 

F 

16 

21 

60 

55 

94 

339 

52 

G 

G 

19 

21 

Macrocytic 

1 55 

3 

! 

D 

D 

16 

VII 

F 

9 

36 


215 

c 




22 

D 


u sS'diea. o = sacrificed. 

* This indicates the time from the beginning of the experiment. 

tFor determining this point, we arbitrarily established 6 million red cells (approximate! v averaw initial valnri 
return to normal Scarborough (21) gives 6.74 million as the average normal red blood count for thfpig and Y " 
the normal range. Values finally reached by all pigs with macrocytic anemia were: red blood cells 7 


asayeturn . 
million as the 
million. 


5 to 9 
.5 to 8 


Anemias associated with a deficiency of factors 
of the vitamin B-complex have been reported from 
many different laboratories (I to 16 ) as occurring 
in different species of animals. Castle's extrinsic 
factor required for the treatment of pernicious 
anemia in man is found in such natural sources 
of the B-complex as yeast, beef, wheat germ, rice 
polish, etc. But, as yet, no single synthetic factor 


an experimental animal. The pig, which stores 
the pernicious anemia curative factor in its liver, 
was selected for this study because its hemato- 
poietic response is more nearly like that of the 
human. Sixteen animals were used in the experi- 
ment (see Table I for age, weight, sex, diet, 
grouping, etc.). The long experimental period, 
/ %\eeks in the case of the pigs with macrocytic 
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anemia, served to bring out certain points not pre- 
viously noted. 

EXPERIMENTAL 

Pure-bred Duroc Jersey pigs farrowed at the North 
Carolina State College Experimental Farm, Raleigh, N. 
C., were used in this study. They were kept in indi- 
vidual cement-floored, inside pens, each with its own out- 
side run. Wood shavings served as bedding. The ani- 
mals were fed twice daily and the food consumption was 
recorded. Hematologic studies were made weekly on a 
typical animal from each group until significant changes 
were observed, then all the animals were studied weekly. 


quantitative measurements and for making fixed smears. 
Hemoglobin was measured by a Sahli hemoglobinometer 
which had been standardized. Reticulocyte counts were 
made on wet preparations stained with brilliant cresyl 
blue. Mean corpuscular volume and mean corpuscular 
hemoglobin content were determined by Wintrobe’s 
method (16a). 

Diets . The chief problem was one of selecting a diet 
deficient enough to produce anemia, and yet sufficiently 
adequate to permit time for its development. A too 
drastically deficient diet results in death before marked 
signs or symptoms develop. Both natural and synthetic 
diets were employed. 


TABLE II 
Blood changes 


Swine 

num- 

ber 

Group 

Red blood cells 
millions 

Hemoglobin 
grams per cent 

, Mean 

corpuscular 
volume 
cubic micra 

Mean corpuscular 
hemoglobin 

content 
grams X 10 ~ 12 

White blood cells 



Initial 

Anemia 

Final 

Initial 

Anemia 

Final 

Initial 

Anemia 

Final 

Initial 

Anemia 

Final 

Initial 

Anemia 

Final 

1 

i 

6.51 

1.85 

1.85 

12.2 

3.4 

3.4 

64 

48 

48 

19 

18 

18 

14,843 



2 

i 


5.96 

5.96 


8.4 

8.4 


49 

49 


14 

14 


IMul* 

i jjJIM 

3 

I-A 

7.07 


9.0 

12.0 


18.0 

53 


57 

17 


20 



; S ii 

4 

I- A 

7.52 


7.73 

14.0 


16.6 

60 


61 

19 


21 

14,550 



5 

I-A 

6.99 


9.07 

12.2 


18.0 

46 


57 

17 


20 

mm 


14, 5M J 

6 

II 

5.77 


6.17 

10.9 


11.2 

66 


62 

19 


18 

0H 


17,100 

8 

III 

6.48 

2.96 

8.21 

12.1 

7.4 

15.0 

61 

71 

57 

19 

25 

18 



14,150 

9 

III 


2.72 

7.92 


7.6 

14.8 


97 

61 


28 

19 


ES 

15,000 


IV 

5.29 


6.04 

10.4 


11.2 

70 


55 

19 


19 

B 


20,000 


V 

5.07 

3.93 

7.55 

10.0 

9.0 

13.0 

69 

81 

60 

20 

23 

17 



20,900 

H 

V 

| 


2.76 

7.95 


5.0 

•14.3 

1 

76 

54 


24 

18 



14,500 

14 

VI 

8.68 

5.54 

8.57 

14.0 

14.0 

16.2 

51 

74 

1 

65 

16 

26 

19 


§8 

19,800 

16 

VII 

7.61 


9.0 

13.6 


15.4 

60 


56 

18 


17 



26,000 


Gastric acidity and stool fat determinations were made 
periodically. Necropsies were performed on most of the 
pigs. The findings, however, were not significant as far 
as the deficiency state was concerned since all the de- 
ficient animals living longer than 8 weeks had returned 
to normal by the end of the experiment. 

The weanling pigs, having an average initial weight 
of 39 lbs., used in Groups I to V, inclusive, were paired 
litter mates. Three heavier animals with average initial 
weight of 92 lbs. were used in Group I, but because of 
their very different behavior were designated as Group 
I_A. The one surviving pig of Group VI was somewhat 
older and had an initial weight of 60 lbs. Pig 16, a 
young weanling of 36 lbs., and thus comparable to those 
of the first five groups, served as a positive control sub- 
sisting on a diet containing brewer's yeast at a level of 
10 per cent for 22 weeks. 

Blood studies . Blood from the jugular vein was col- 
lected in tubes containing potassium oxalate (2 mgm. per 
cc. of blood drawn). Venous blood was used for all the 


Natural diet 

The pigs in Group I were given the following 
modification of Goldberger’s blacktongue-produc- 
ing diet number 123 of natural foodstuffs (17). 


Diet A 


Corn meal 

Blackeyed peas . . . 

Casein 

Cane sugar 

Rice polish 

Cotton seed oil . . . 
Cod liver oil .... . 
Sodium chloride . . 
Calcium carbonate 


per cent 

63.0 

8.0 

9.0 

5.0 

6.0 

5.0 

2.0 
0.5 
1.5 


This diet is almost identical with one used by 
Miller and Rhoads (4) for the production in 
swine of a mild anemia which was microcytic in 
some individuals and macrocytic in others. 
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WEEKS 

Fig. 1. Growth Curves of Swine on the Following Diets : 


Group I, weanling animals on the blacktongue-producing diet; Group F-A, older animals on the same 
diet; Group II, basal diet (synthetic vitamin B-complex free diet) + vitamin B,; Group III, basal diet -f- 
vitamin Bj d- yeast (4 per cent); Group IV, basal diet 4* vitamin B, + nicotinic add + riboflavin ; Group 
V, basal diet + vitamin B x + rice polish concentrate + yeast (2 per cent) ; Group VI, basal diet + vitamin 
Bi + yeast (3 per cent); Pig 16 (positive control), basal diet + yeast (10 per cent). 


Among the 5 pigs in Groups I and I-A receiving 
the diet, results appeared to depend largely on 
their initial weight. Both of the 2 younger pigs 
(1 and 2) developed microcytic anemia, one mild, 
and the other very severe. The 3 older pigs (3, 
4 and 5) failed to develop anemia. The addi- 
tional weight with the accompanying vitamin stor- 
age appeared to protect them against the de- 
ficiencies encountered. Further data concerning 
these animals will be found in Tables I and II 
and Figure 1. 

Gastric analyses indicated free hydrochloric add 
in all 5 pigs throughout the experiment. 

At necropsy pig 2 showed enlarged and infected 
lymph nodes at the base of the neck, and small 
ulcers profusely distributed throughout the large 
intestine, . 

Synthetic diets 

The basal diet which served as the foundation 
for all of the synthetic rations in these experi- 


ments is essentially vitamin B-complex-free. Its 
composition follows: 


Per cent 


Casein 18 

Cane sugar 67 

Cotton seed oil 10 

Cod liver oil 2 

Salts 1 3 


This diet, when supplemented with an adequate 
source of the vitamin B-complex (brewer’s yeast 
at a level of 10 per cent), was readily consumed, 
1 Salt mixture : 

Bone meal 

Sodium chloride . 

Limestone 

Iron sulfate 

Magnesium oxide 
Copper sulfate .. 

Manganese sulfate 

Zinc oxide 

Cobalt carbonate . 

Potassium iodide , 


Per cent 

57. S 
24.4 
12.2 
3.7 
1.2 
0.3 
0.1 
0.1 
0.1 
0.1 
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and resulted in good growth and freedom from 
anemia in spite of the fact that no provision was 
made for supplying vitamin C. 

To reduce the degree of vitamin B-complex 
deficiency, supplements of the various factors of 
the vitamin B-complex in both synthetic and natu- 
ral form were added to the basal diet as follows : 


Group 

II 

IV V VI 

III 

VII 

Diet 

B 

E F G 

D 

c 

Daily supplements to the basal diet 

mgm. mgm. 


Thiamin 2 
Nicotinic acid 
Riboflavin 

Rice polish 
concentrate 3 

2.5 

2.5 2.5 mgm. 2.5 mgm. 

25.0 

0.5 

30.0 cc. 

2.5 mgm . 


Brewer’s yeast 


2% 2% 

4% 

10% 


Neither of the diets B or E, having only syn- 
thetic vitamin supplements, proved adequate. All 
pigs on these diets died before anemia developed 
(Groups II and IV, Table I). 

However, natural sources of the vitamin B- 
complex, such as yeast and rice polish concentrate, 
when fed at the proper level, resulted in a partial 
prolonged deficiency which served our purpose in 
producing a macrocytic anemia. It was necessary 
to adjust the levels of these supplements slightly 
as the experiment proceeded. 

Diets on which macrocytic anemia was produced 

(c) Diet F ( basal diet supplemented with rice 
polish concentrate and brewer’s yeast at a 2 per 
cent level; Group V , Pigs 12 and 13). At the be- 
ginning of the experiment no yeast was incorpo- 
rated in the basal diet and only 15 cc. of rice polish 
concentrate were given. At the end of 8 weeks 
the daily dose of rice polish concentrate was in- 
creased from 15 to 30 cc. This resulted in some 
general improvement but it was insufficient to in- 
sure time for the development of anemia. Since 
the response was not commensurate with the in- 
crease in active supplement, the effect was aug- 
mented by introducing brewer’s yeast into the 
basal diet at a level of 2 per cent. With these 
alterations the pigs gained weight and, during a 

2 The thiamin used in this study was kindly supplied 
by Merck and Company, Rahway, New Jersey. 

3 A part of the rice polish concentrate (chicken ribo- 
flavin test supplement) used was kindly supplied by the 
Vitab Company, Emeryville, California. 


period of 15 to 23 weeks, gradually developed a 
macrocytic anemia (Figure 1, Group V ; Figure 
3, D and E). Both animals had an occasional 
steatorrhea. Pig 13 developed achlorhydria, but 
Pig 12 retained its gastric acidity throughout the 
experiment. Both pigs developed stiff legs. The 
blood changes are recorded in Table II. 

(b) Diet G ( basal diet with brewer’s yeast in- 
corporated at a level of 2 to 3 per cent replacing 
an equivalent amount of sugar; Group VI, Pigs 
14 and 15 ). 4 Exact comparisons cannot be made 
between the different levels of yeast since Pig 14, 
the surviving pig on this diet, was older and con- 
siderably heavier than the pigs on the 4 per cent 
and 10 per cent levels. The importance of this 
will be discussed in more detail later because of 
its bearing on the expected results. Pig 14, a 
healthy young pig with an initial weight of 60 lbs., 
was given the 'basal diet alone for 1 week. Yeast 
was then incorporated into the basal diet at a level 
of 2 per cent for 15 weeks, when the pig began 
to vomit and lose weight. It was obvious that the 
pig could not survive long on this regime. Conse- 
quently, the yeast level was raised to 4 per cent for 

2 weeks, then reduced to 3 per cent for 19 weeks, 
to 2 per cent for 11 weeks and to 1 per cent for 

3 weeks. Yeast was then completely removed 
from the diet and the pig died 3 weeks later. The 
blood changes are recorded in Table II. 

N eurologic changes. At the end of 18 weeks 
this pig had developed stiff legs resulting in a very 
awkward walk with a tendency to lift the feet 
rather high. Increased excitability was noted in 


the animal at this time. The pig seemed to grow 
gradually more irritable and tense when, during 
the thirty-first week, it had an epileptiform seiz- 
ure. This was never repeated, nor were any other 
neurologic signs noted, but the animal continued 
to be somewhat more excitable than normal. 
Shortly before death there was a generalized 
hemorrhagic diathesis characterized by nose bleed 
and hemorrhage into the skin. There was no vita- 


in the diet, and since these symptoms 


4 Pig IS was obviously not in normal condition at tie 
start of the experiment. It was 21 weeks old and weighc 
55 lbs., as compared with 92 lbs., the average weight o 
other pigs of that age. It developed extreme weakness 
of the hind legs in 2 1 /f> weeks, became completely P ara 
lyzed and died at the end of 3 weeks. 
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Fig. 2. Charts of the Red Blood Counts, Reticulocytes, Mean Corpuscular Hemoglobin Content and Mean 

Corpuscular Volume of: 

A. Pig. 14, an animal slightly heavier than the others, receiving a synthetic diet with yeast at a level of 3 per 
cent; B. Pig 8, a lighter animal receiving a similar synthetic diet with yeast at a level of 4 per cent; C. Pig 9, 
a light animal comparable to Pig 8. The hematology chart of Pig 16, positive control receiving yeast at level 
of 10 per cent, is superimposed for comparison. At this level there is a gradual steady increase in the red cell 
count, whereas a similar weanling on a 4 per cent level shows a gradual decrease in the red cell count with a 
subsequent return to normal. 
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Fig. 3. Charts of the Red Blood Count, Reticulocytes, Mean Corpuscular Hemoglobin Content and Mean 

Corpuscular Volume of: 

A. Pig 4, a slightly heavier male receiving the natural blacktongue-producing diet; B. average values for 2 corn^ 
parable females (the 3 pigs having an initial weight of 92 lbs.) receiving the same diet; C. Pi S 1 having « 
initial weight of 46 lbs. on the same blacktongue-producing diet and showing the development of a severe microcj ^ 
anemia; D. and E. Pigs 12 and 13, weanlings with initial weights of 45 and 34 lbs., receiving the synthetic as^ 
diet + vitamin B t + rice polish concentrate + yeast (2 per cent), and showing the development of a macrocytic a 
min with subsequent spontaneous recovery. 



SPONTANEOUS RECOVERY FROM NUTRITIONAL ANEMIA IN SWINE 


375 


were given by mouth and intraperitoneally but 
without effect. Death due to pneumonia was 
demonstrated at autopsy.' 

(c) Diet D ( basal diet with yeast incorporated 
at a level of 4 per cent; Group III, Pigs 8 and 9). 
These animals consumed a diet containing yeast 
at a level of 10 per cent (Diet C) for 8 weeks. 
During this time the pigs appeared normal in 
every way. The yeast was then decreased from 
10 per cent to 4 per cent. Although both pigs 
continued to grow on this regime at an approxi- 
mately normal rate, they developed a very severe 
macrocytic anemia during the subsequent 10 
weeks. The blood changes are recorded in Ta- 
ble II. 

Pig 9 developed gastric achlorhydria after about 
a year on the diet but Pig 8 continued to show 
free gastric hydrochloric acid throughout the 
experiment. 

Positive control 

( d ) Diet C ( basal diet with yeast incorporated 
at a level of 10 per cent; Group VII, Pig 16). 
Only one animal consumed Diet C for a suffi- 
ciently long experimental period to serve as a 
positive control. Yeast at this level completely 
protected this pig against the development of ane- 
mia. Growth was excellent (Figure 1), the ani- 
mal remained free from anemia throughout the 
experiment (Figure 2, C), and initial estrus oc- 
curred at the expected time. Blood changes are 
recorded in Table II. 

DISCUSSION 

Four factors affect the results obtained in any 
nutrition experiment: ( 1 ) the degree of deficiency 
of the diet; (2) the vitamin storage of the animal 
at the beginning of the experiment; (3) any coin- 
cident physiologic stress; (4) the presence of in- 
fection. The first is usually determined arbi- 
trarily by the investigator, the second by the age 
and previous diet of the animal, the third chiefly 
by a ge, and the fourth is purely a matter of chance 
unless infection is induced as a part of the 
experiment. 

In the experiments reported here, the young 
pigs of Groups III, V, and VI developed a macro- 
cytic anemia which was most acute during and 
shortly after the period which corresponds roughly 


to adolescence in the human. This anemia cleared 
up gradually after time had elapsed for the estab- 
lishment of normal estrous rhythm and while the 
animals were still consuming essentially the same 
diet. Initial estrus occurs in the pigs of the 
North Carolina State College Experimental Farm 
at from 20 to 35 weeks of age. Examination of 
Figure 2, A, B and C and Figure 3, D and E, in- 
dicates that the low point of the anemia was 
reached after 15 to 22 weeks on the experiment 
when the pigs were between 28 and 35 weeks old. 


TABLE III 

Relationship of body weight and diet to onset of estrus 
and development of anemia 


Pig 

Initial 

weight 

First 

estrus 

Diet 

Macrocytic 

anemia 

16 

lbs. 

36 

it eeks on 
experiment 

18 

Adequate 


(control) 

14 

60 

19 

Inadequate 

+ 

12 

45 

18 

Inadequate 


8 

37 

28 

Inadequate 

+ + + 

13 

34 

36 

Inadequate 

+ + + 

9 

24 

53 

Inadequate 

+ + + + 


Pig 14 had additional estrous periods at 23 and 50 
weeks; Pig 12 at 53, 61, 67 and 73 weeks; Pig 8 at 36, 40, 58, 
61, 73 and 77 weeks and, after being placed back in stock, 
gave birth to a litter of 6 live pigs; Pig 13 at 53 and 74 
weeks, and Pig 9 one at 65 weeks. The anemia began to 
improve gradually after the initial estrus except in Pig 9 
where improvement preceded this long delayed initial 
estrus by a few weeks. 

Much evidence indicates that the factors of the 
vitamin B-complex play a part in maintaining the 
gonads as well as the hematopoietic system. Con- 
crete evidence of the effect of vitamin B-complex 
deficiency on the estrous cycle of rats has been of- 
fered by Richter and Hawkes (18) in their care- 
fully controlled experiments. These investigators 
noted that, if from an otherwise adequate diet, 
yeast, serving as the sole source of the vitamin 
B-complex, was withdrawn, it resulted in loss of 
estrus in 14 days and marked atrophy of the 
ovaries and uterus in 40 days. 

If we may assume, then, that the comparatively 
low level of the vitamin B-complex contained in 
the diets described above must be shared both by 
the blood-forming elements and the sex endocrine 
system, any heightened activity of the latter sys- 
tem will increase its requirement of the vitamin B 
factors and thus precipitate a more marked de- 
ficiency which vail be reflected in the former sys- 
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Fig. 3. Charts of the Red Blood Count, Reticulocytes, Mean Corpuscular Hemoglobin Content and Mean 

Corpuscular Volume of; 

A. Pig 4, a slightly heavier male receiving the natural blacktongue-producing diet; B. average values for 2 c0 ^ 
parable females (the 3 pigs having an initial weight of 92 lbs.) receiving the same diet; C. Pig 1 having 
initial weight of 46 lbs. on the same blacktongue-producing diet and showing the development of a severe nucrocj ^ 
anemia; D. and E. Pigs 12 and 13, weanlings with initial weights of 45 and 34 lbs., receiving the synthetic 
diet + vitamin B, + rice polish concentrate + yeast (2 per cent), and showing the development of a macrocytic a 
mia with subsequent spontaneous recovery. 
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were given by mouth and intraperitoneally but 
without effect. Death due to pneumonia was 
demonstrated at autopsy.' 

(c) Diet D ( basal diet with yeast incorporated 
at a level of 4 per cent; Group III, Pigs 8 and 9). 
These animals consumed a diet containing yeast 
at a level of 10 per cent (Diet C) for 8 weeks. 
During this time the pigs appeared normal in 
every way. The yeast was then decreased from 
10 per cent to 4 per cent. Although both pigs 
continued to grow on this regime at an approxi- 
mately normal rate, they developed a very severe 
macrocytic anemia during the subsequent 10 
weeks. The blood changes are recorded in Ta- 
ble II. 

Pig 9 developed gastric achlorhydria after about 
a year on the diet but Pig 8 continued to show 
free gastric hydrochloric acid throughout the 
experiment. 


Positive control 

(d) Diet C ( basal diet with yeast incorporated 
at a level of 10 per cent; Group VII, Pig 16). 
Only one animal consumed Diet C for a suffi- 
ciently long experimental period to serve as a 
positive control. Yeast at this level completely 
protected this pig against the development of ane- 
mia. Growth was excellent (Figure 1), the ani- 
mal remained free from anemia throughout the 
experiment (Figure 2, C), and initial estrus oc- 
curred at the expected time. Blood changes are 
recorded in Table II. 

DISCUSSION 

Four factors affect the results obtained in any 
nutrition experiment: ( 1 ) the degree of deficiency 
of the diet; (2) the vitamin storage of the animal 
at the beginning of the experiment; ( 3 ) any coin- 
cident physiologic stress ; ( 4 ) the presence of in- 
fection. The first is usually determined arbi- 
trarily by the investigator, the second by the age 
and previous diet of the animal, the third chiefly 
by age, and the fourth is purely a matter of chance 
unless infection is induced as a part of the 
experiment. 

In the experiments reported here, the young 
pigs of Groups III, V, and VI developed a macro- 
cytic anemia which was most acute during and 
shortly after the period which corresponds roughly 


to adolescence in the human. This anemia cleared 
up gradually after time had elapsed for the estab- 
lishment of normal estrous rhythm and while the 
animals were still consuming essentially the same 
diet. Initial estrus occurs in the pigs of the 
North Carolina State College Experimental Farm 
at from 20 to 35 weeks of age. Examination of 
Figure 2, A, B and C and Figure 3, D and E, in- 
dicates that the low point of the anemia was 
reached after 15 to 22 weeks on the experiment 
when the pigs were between 28 and 35 weeks old. 


TABLE III 


Relationship of body weight and diet to onset of estrus 
and development of anemia 


Pig 

Initial 

weight 

First 

estrus 

Diet 

Macrocytic 

anemia 

16 

lbs > 

36 

weeks on 
experiment 

18 

Adequate 


(control) 

14 

60 

19 

Inadequate 

+ 

12 

45 

18 

Inadequate 

++ 

8 

37 

28 

Inadequate 

"P + + 

13 

34 

36 

Inadequate 

+ + + 

9 

24 

53 

Inadequate 

4-4-4 — h 


Pig 14 had additional estrous periods at 23 and SO 
weeks; Pig 12 at 53, 61, 67 and 73 weeks; Pig 8 at 36, 40, 58, 
61, 73 and 77 weeks and, after being placed back in stock, 
gave birth to a litter of 6 live pigs; Pig 13 at 53 and 74 
weeks, and Pig 9 one at 65 weeks. The anemia began to 
improve gradually after the initial estrus except in Pig 9 
where improvement preceded this long delayed initial 
estrus by a few weeks. 


Much evidence indicates that the factors of the 
vitamin B-complex play a part in maintaining the 
gonads as well as the hematopoietic system. Con- 
crete evidence of the effect of vitamin B-complex 
deficiency on the estrous cycle of rats has been of- 
fered by Richter and Hawkes (18) in their care- 
fully controlled experiments. These investigators 
noted that, if from an otherwise adequate diet, 
yeast, serving as the sole source of the vitamin 
B-complex, was withdrawn, it resulted in loss of 
estrus in 14 days and marked atrophy of the 
ovaries and uterus in 40 days. 


low level of the vitamin B-complex contained in 
the diets described above must be shared both by 
the blood-forming elements and the sex endocrine 
system, any heightened activity of the latter sys- 
tem will increase its requirement of the vitamin B 
factors and thus precipitate a more marked de- 
ficiency which will be reflected in the former sys- 
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tem. One would expect equilibrium to be rees- 
tablished only after the strain of the onset of 
estrus had passed and sexual stability had been 
established. This is just what occurred. Not 
only did 5 pigs of Groups III, V and VI de- 
velop a macrocytic anemia, but there was a defi- 
nite postponement of estrus in the 3 pigs having 
the most severe anemia, namely, Pigs 8, 9 and 13. 
Onset of estrus was noted in Pigs 12 and 14 at 
the expected time. Both these animals were 
heavier, having an initial weight of 45 and 60 
lbs., respectively, as compared with the 37, 24 and 
34 lbs. of the other 3. This additional weight 
with the increased vitamin storage could easily 
account for the greater protection afforded both 
systems, namely, a much milder anemia and no 
demonstrable interference with the onset of 
estrus. 

We believe that the macrocytic anemia observed 
in these animals is the most severe yet produced 
experimentally in pigs. Undoubtedly, the pro- 
longed partial deficiency of the vitamin B-complex 
in the diet, the unstable condition of the animals 
due to their initial age and weight, and the long 
duration of the experiment all contributed to this 
result. As one would expect in any macrocytosis, 
the mean corpuscular volume and mean corpus- 
cular hemoglobin content increased proportionally 
as the red count fell (Figure 2, A, B and C; Fig- 
ure 3, D and E). The mean corpuscular volume 
rose to a maximum of 97 cubic micra in Group III 
and 81 cubic micra in Group V, the maximum 
mean corpuscular hemoglobin content being 28 
X 10~ 12 grams and 24 X 10~ 12 grams, respectively. 

Two other groups of investigators have pro- 
duced macrocytic anemia experimentally in swine ; 
Miller and Rhoads in 1935 (4) and Wintrobe and 
his coworkers in 1939 (16b). The former group 
produced anemia on a diet quite similar to our 
Diet A. This resulted in microcytic anemia in 
some individuals and macrocytic in others. The 
highest mean corpuscular volume reported was 62 
cubic micra. Compared with ours, this is low but 
it represents a significant rise over the initial value 
of the individual pig. Wintrobe and his associ- 
ates produced some degree of macrocytosis on 
synthetic diets similar to ours in which reduced 
levels of yeast supplied the factors of the vitamin 
B-complex. The highest mean corpuscular vol- 


ume reported by these investigators was 68 cubic 
micra. 

The blood smear of Pig 9 of our series showed 
large numbers of reticulocytes but there was no 
reason to suspect a hemolytic process at this time. 
There was never any clinical evidence of blood 
loss or of jaundice, and the giant size of the 
majority of the reticulocytes makes the presence 
of a hemolytic process improbable. Pigs which 
developed macrocytic anemia in similar experi- 
ments performed by Wintrobe showed no change 
in their icteric indices (16a). 

All of the mineral elements thought to be con- 
cerned in any way with hemoglobin formation, 
either directly or catalytically, such as iron, cop- 
per, manganese, cobalt, etc., were supplied ade- 
quately in the salt mixture of the synthetic diets. 
Therefore, we feel that the anemia produced on 
the synthetic diets was in no way referable to a 
mineral deficiency. 

Chick and her collaborators (7) found a level 
of 4 per cent yeast adequate in supplying all the 
B vitamins required by young pigs (initial weight 
51 to 70 lbs.) during an experimental period of 9 
weeks. Our experience with pigs having an in- 
itial weight of 24 to 37 lbs. observed over a 76- 
week experimental period indicates that, although 
approximately normal growth ensues, this level of 
yeast does protect against the development of mac- 
rocytic anemia. Our positive control pig tested 
for a period of 22 weeks showed excellent growth, 
well-being, and freedom from anemia, and ex- 
hibited an improvement in the blood during this 
period, indicating that a level of 10 per cent brew- 
er’s yeast was adequate to maintain the blood 
forming elements in this pig. Since levels be- 
tween 4 per cent and 10 per cent were not tried, 
we do not know the minimum protective level for 
a pig of this weight (35 to 40 lbs.). 

Smith and Otis (19) have presented evidence 
that female rats use low levels of iron in the diet 
more efficiently for hemoglobin building than do 
males. In this connection it is interesting that, 
of the 3 animals in Group I— A, the one male m 
creased his hemoglobin from 14 to 16 grams dur 
ing the experimental period, while the 2 fema es 
increased theirs from 12 to 18 grams (average 
values) during the same period. The number o 
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animals used, however, is much too small to draw 
conclusions. 

All the neurologic symptoms noted in our 
animals have been observed previously by others 
(4, 7, 16b). The occurrence of one epileptiform 
seizure in Pig 14 parallels the experience of Chick 
and her collaborators who observed sporadic seiz- 
ures in pigs on a borderline level of vitamin B c . 
Where the B fl deficiency was more acute, the 
seizures increased in number and intensity until 
the eluate fraction supplying the B fi was admin- 
istered. A diet in which yeast at a level of 2 to 
3 per cent supplies the B-factors results in a 
borderline level of vitamin B 0 and explains the 
occurrence of only one such seizure in our animal. 

SUMMARY AND CONCLUSIONS 

A severe macrocytic anemia was produced in 
weanling pigs on a prolonged partial deficiency 
of the vitamin B-complex. 

Brewer’s yeast at a level of 4 per cent was not 
adequate under the conditions of these experi- 
ments to protect weanling pigs (weighing 45 lbs. 
or less) from developing macrocytic anemia. A 
10 per cent level of yeast, however, was quite 
satisfactory for this purpose in the one animal 
tested for 22 weeks. 

Spontaneous cure of the anemia ensued while 
the pigs remained on the same diet and without 
treatment. 

A possible explanation for the development of 
anemia on a diet which later is adequate for its 
cure is offered in the physiological stress and 
strain preceding sexual maturity, which apparently 
corrects itself after sexual stability is accom- 
plished. 
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Since the demonstration that nicotinamide is 
the pellagra-preventing factor (1), attempts have 
been made to analyze this substance in blood and 
urine as a measure of nicotinic acid nutrition. 
Chemical methods and biological methods, to be 
considered subsequently, have been used. The 
chemical methods have been based, most com- 
monly, upon the development of colored products 
by the reaction of various pyridine compounds 
with cyanogen bromide and aromatic amines, as 
described by Konig (2). 

This reaction is not specific for nicotinic acid. 
Other pyridine compounds may give similar col- 
ored products. Elvehjem (3) has found that, in 
the analysis of animal tissues, the reaction as we 
have applied it gave results quite comparable to 
those which he obtained by animal assay. He 
found that, in vegetable materials, the chemical 
method gave too high values, presumably due to 
other pyridine compounds. Consequently, blood 
analyses might be expected to avoid the possible 
errors due to the concentration of those other 
compounds in the urine. 

# Nicotinic acid does not occur, as such, in appre- 
ciable quantities in the blood or urine except 
shortly after the taking of large doses of it (4, 5). 
In the blood, it occurs chiefly in the corpuscles as 
a constituent of coenzymes I and II. 

Nicotinic acid in the blood has been determined 
by four different procedures : chemical estimation 
using the cyanogen bromide and aromatic amine 
reagents, measurement of coenzymes I and II as 
the essential growth factor for H. influenzae or 
» p grain f hienzae , estimation of total nicotinamide 
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(both free and in the coenzymes) as the growth 
factor for B . proteus, and measurement of coen- 
zyme I by a specific fermentation method. The 
results obtained with both normal and deficient 
subjects are listed in Table I. 


TABLE i 

Reported values for nicotinic acid content of the 
blood of human subjects 


Author 

1 

i 

Method 

Whole blood values* 

(Reference) 

Normal 

Deficient 

Vilter, Koch and 
Spies (0) 

Measurement of nicotinamide con* 
tainingcoenxymes land II by growth 
of H. influenzae. 

0,27-0.87 

(43) 

0.12-0.54 

(45) 

Lwottctal. (7, 8) 

Measurement of total nicotinamide 
as the growth factor for B. pnrtm. 

0.62-0.89 

(9) 

0.73-1.03 

(10) 

Kobn, Bernheim 
and Felsoranyi (9) 

Measurement of coenrymes I and II 
as growth factor f or H.parainfluenxic^ 

0.32-0,81 

(53) 

0.4 — 0.64t 
(9) 

von Euler and 
Schlenk (10) 

Measurement of co enzyme I by yeast 
fermentation method. 

Av. O.gOf 
(?) 


Axelrod, Gordon 
and Elvehjem (11, 
12) 

Same 

0,33-0,72f 

(17) 

0.63f 

(1) 

Swaminatban (13) 

f Chemicaldeterminationoftotalmco- 
tinio acid. 

0.33-0.53 

(3) 


Ritsert (14) 

Same 

0.33-0.46 

(?) 


Kubnau (15) 

Same 

0.25-0.45 

(?) 

0.08-0.18 

(4) 

Villela (16) 

Same 

i 0.25-0.64 



* The figure in parentheses represents the number of 
subjects in that study. 

f These values were originally given as the coenzyme 
concentration. The nicotinic acid content of coenzymes I 
and II is considered to be 17.4 per cent of the molecules 
(average value) and 18.5 per cent of coenzyme I alone. 
Whenever originally expressed in terms of corpuscular 
volume, values were converted to whole blood values by 
assuming an hematocrit of 43 per cent. All of the co- 
enzymes are in the corpuscles (17) but the hematocrits of 
patients may have been low. 

Most of the workers did not find a significant 
difference in the nicotinic acid content of the blood 
of normal and deficient subjects. In the large 
series of Vilter, Kock and Spies (6), consisting of 
43 normal and 45 deficient subjects which showed 
the most impressive differences, there were 12 in- 
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stances of overlapping of values for whole blood 
in the two groups. There were many more in- 
stances of overlapping of values between the two 
groups when they were expressed in terms of the 
coenzyme content of the blood cells, as was done 
by Kohn, Bernheim, and Felsoranyi (9), because 
the coenzymes had been shown to be confined to 
the corpuscles (17). 

Significant decreases in the coenzyme content of 
the blood of deficient subjects were not found by 
the other workers who used biological methods. 
Lwoff and associates (7, 8) measured the growth- 
promoting effect for B. proteus, while Kohn and 
Bernheim (9) measured that for a strain of H. 
parainfluenzae. When the growth of an organism 
is used to measure a vitamin, it is necessary to 
eliminate the effect of all other growth-promoting 
factors, as was shown by Sinclair (18) in using 
the growth of Phycomyces blakesleeanus as a 
measure of thiamine. Vilters, Koch and Spies 
(6) note that parallel studies using both H. in- 
fluenzae and H. parainfluenzae have not always 
given comparable results. 

The figures obtained by chemical tests on hu- 
man blood were lower than those obtained by bio- 
logical methods and there were few such observa- 
tions on the blood of deficient subjects. In the 
chemical methods used, there were possibilities of 
loss of nicotinic acid by inadequate extraction or 
by adsorption on charcoal or on precipitated pro- 
tein. Protein precipitants have been shown to 
precipitate the nicotinamide-containing coenzymes 
of the blood (19, 20). Benzene extraction (15, 
16) is unreliable because of the very limited solu- 
bility of nicotinic acid in this solvent (21). 

Pearson (22), using a chemical method, re- 
ported the finding of a low blood nicotinic acid in 
one dog with blacktongue. This was not con- 
firmed by the more extensive studies of black- 
tongue by Kohn, Klein and Dann (23) or by 
Axelrod, Madden and Elvehjem (24), using bio- 
logical methods. It has been a consistent finding 
(23, 24, 25, 26) that, in blacktongue, there are 
considerable decreases in the nicotinic acid (or 
coenzyme) content of some tissues, notably liver 
and muscle. 

In urine, nicotinic acid occurs as its amide, as 
nicotinuric acid, the glycine conjugate, and as tri- 
gonelline, the methylated form. The chemical re- 
lationship between these compounds is indicated 


by the structural formulae presented in Figure 1. 
Free nicotinic acid and nicotinuric acid are not 
present in the urine in significant amounts either 
normally or after dosage with nicotinamide (5, 
27). They both occur in the urine after large 
doses of nicotinic acid (5, 27). Nicotinamide 
and nicotinuric acid react directly with the cyano- 
gen bromide and aromatic amine reagents, the 
intensity of the color produced being dependent 
upon the choice of the latter. Only after acid 
or alkaline hydrolyses (preferably acid hydrolysis, 
to which trigonelline is resistant) of proper nor- 
mality and duration can theoretical values be ob- 
tained for them (28). 
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Fig. 1. Structural Formulae of Nicotinic Acid and 
Its Derivatives 


The greater portion of nicotinic acid is excreted 
as trigonelline (27). This does not react with the 
reagents to produce a color. It is susceptible to 
alkaline hydrolysis which permits at least partia , 
semiquantitative recovery (28, 29). There may 
be, however, large amounts of trigonelline in urine 
from other sources than methylation of nicotinic 
acid. It is widely distributed among foods (3 < 
31), with no quantitative data available except 
that coffee is a rich source (32). It, or a com 
pound with similar hydrolytic behavior, also oc 
curs from detoxification of nicotine and possi. y 
of other pyridine compounds (28). (A fraction 
of nicotine, the size of the fraction varying in 1 
ferent individuals, is also excreted in ^ onTI 
which is determined in the “ nicotinic acid rac 
tion of urine.) Since trigonelline possesses no 
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TABLE II 


Studies of the excretion of ** nicotinic acid 11 in urine from human subjects 


Author 

(Reference) 

Hydrolytic 

procedure 

Decolouration 

Blank test 

Reagents for 
chemical reaction 

Urinary' "nicotinic 
acid" values* 

| Urinary' “nicotinic acid" values* 

Basal 

After oral test doEef 

Normal 

Deficient 

Dose 

! 

Normal 

Deficient 

Yilter, Spies and 
Mathews (5) 

None 

Charcoal 

On magenta 
alone 

2,4 dinitro chloro- 
benzene and sodium 
hydroxide 

mjrn. per 

(?) 

20-50 

S 4 hour ft 

| (3) 

0 

Tnjm. 

T7i ?m. per jirtt Sj. 

i hoar * 

Bandier (34) 

UNNaOH 

5 hour 

Acetone ex- 
traction after 
salting out 

Test solution 
plus cyanogen 
bromide 

Cyanogen bromide 
andmetol 

(10) 

1 .5-0.0 


00J 

a) 12.5 


Swaminathan (35) 

2 X NaOH 

3 hours 

Charcoal 

Test solution 
plus aniline 

Cyanogen bromide 
and aniline 

(26) 

0.6-8.9 

(8) 

0.9-2.2 

100 

! 

(26) 1.1-29.6 

(8) 1.0-12.7 

Ritrert (14) 

25NHCI 

2 hours 

Benzene ex- 
traction after 
dehydration 

On reagents 
alone 

Cyanogen bromide 
and aniline 

(8) 

05-4.5$ 


■ 



Harris and 

Raymond (35) 1 

05 N NaOH 1 
i hour 

None | 

Test solution 
plus p-ardno- 
acetopbenone ' 

_ _1 

Cyanogen bromide 
and p-amino- < 

acetophenone 

— - 1 

HjHI 

(2) 

1 .8-2.9 

■ 



Forje (37) 

None 

None 

" ' *1 

On test solu- 
tion alone 

I 

Cyanogen bromide 
and aniline 

(?) 

1.2-20.0 

(1) 

0 

50 

(?) 

Approximately 4 

(1) 0 

Kflhnau (15) 

25NHC1 

2 hours 

Benzene ex- 
traction after 
dehydration 

On reagents 
alone 

Cyanogen bromide 
and aniline 

t 

(?) 

05-4.5$ 

(4) 

1.0-1.65 

i 

100-500H 1 

(?) 0-4 

(2) 0-4 

Rosenblum and 
Jollife (3S) 

0.0S M 
KH1PO4 

5 minutes 

None 

mg 

Cyanogen bromide 
and metoi 

(13) 

3.4-10.2 

(1) 

0-25 

i 

100 ! 

1 

1 


U) 1 

1 


* The figure in parentheses represents the number of subjects used in each of the studies, 
f These values have been corrected for the basal excretions prior to the administration of the test dose. 
t Test dose of nicotinic add taken while fasting. 

§ These values, given originally by the authors as micrograms per cent, were obtained by assuming an average 24- 
hour urine volume of 1500 cc. 

|j In these tests nicotinamide constituted the test dose. 


anti-blacktongue activity (33), provision must be 
made to avoid the obscuration of results by the 
excretion of trigonelline arising from non-vitamin 
sources. 

In Table II are summarized the analyses of 
urines from both normal and pellagrous subjects 
reported from other laboratories. In order to 
evaluate the data, it is necessary to consider the 
procedure used, as will be noted below. Those 
using the more sensitive cyanogen bromide reac- 
tion rarely found an absence of nicotinic acid in 
the urine. Harris and Raymond (36) Kiihnau 
(15) and Rosenblum and Jolliffe (38), on the 
basis of a small number of observations, con- 
sidered that the difference in the urinary nicotinic 
acid in normal and deficient subjects was signifi- 
cant. Swaminathan (35) reported a marked 
overlapping of the \ r alues for the two groups, 
although he did find a decreased average secre- 
tion in the deficient group. As has been noted, 
the chemical methods are not specific for nicotinic 


acid and its derivatives. Much of the difference 
in the urinary “ nicotinic acid ” of the normal and 
deficient groups may have been due to smoking 
by the former group. 

Attention to the different procedures used by 
those employing the cyanogen bromide and aro- 
matic amine reagents indicates that the nicotinic 
acid compounds included in the reported “nico- 
tinic acid” values differ in the various studies. 
This will depend upon the type of hydrolysis used, 
the method for decolorization and evaluation of 
residual color, and the aromatic amine employed. 
Bandier (34) and Harris and Raymond (36) 
must have measured all of the nicotinic acid, nico- 
tinamide and nicotinuric acid, and possibly a slight 
amount of trigonelline. Swaminathan’s (35) val- 
ues included, in addition, an appreciable fraction 
of the trigonelline. Ritsert’s procedure (14) 
should measure the nicotinic acid, its amide, about 
two-thirds of the nicotinuric acid (because of the 
color which it, unhydrolyzed, produces with the 












































































382 


H. FIELD, JR., D. MELNICK, W. D. ROBINSON, AND C. F. WILKINSON, JR. 


reagents used (28)) and no trigonelline. The 
procedure used by Porje (37), involving no pre- 
liminary hydrolysis, should measure any nicotinic 
acid present, about one-half of the nicotinamide, 
two-thirds of the nicotinuric acid (by direct re- 
action with the reagents) and no trigonelline. 
Rosenblum and Jolliffe’s values (38), because of 
the slight preliminary hydrolysis and the aromatic 
amide used, presumably include 142 per cent of 
the nicotinamide and 42 per cent of the nicotinuric 
acid (values representing the intensities of color 
produced by these unhydrolyzed molecules with 
the aromatic amine used relative to those produced 
by nicotinic acid). 

In addition to the differences in what consti- 
tuted the urinary “ nicotinic acid ” values, as in- 
dicated above, there are other possible discrepan- 
cies inherent in the methods listed in Table II. 
When the test solution is analyzed without pre- 
liminary decolorization (36, 37, 38), the incre- 
ment of color produced constitutes a small fraction 
of the total color measured. The use of direct 
charcoal decolorization (5, 35) permits loss of 
nicotinic acid by adsorption (39). As noted 
above, benzene extraction (14, 15) is unreliable 
because of the limited solubility of nicotinic acid 
in benzene (21). In the blank test for evaluating 
residual color, as used by Bandier (34) and by 
Rosenblum and Jolliffe (38), nicotinic acid reacts 
directly with cyanogen bromide to give some of 
the test color even in the absence of the aromatic 
amine (39). To include in the blank the color 
developed by the addition of aniline to the hydroly- 
sate has also been shown to be erroneous, since it 
is due to a reaction of aniline with other sub- 
stances which does not occur in the presence of 
cyanogen bromide (40). 

Fraser, Topping and Sebrell (41), using a bac- 
terial growth method with Shigella paradysen- 
tcriac, reported a decrease in the urinary excretion 
of nicotinic acid (or its related compounds) in 
dogs with blacktongue. In a subsequent paper 
(25) from the same laboratory, using the Haemo- 
philus parainflucnaac, no such difference in the 
urinary excretion values was reported. Harris 
and Raymond (36) observed a decrease in the 
urinary excretion of nicotinic acid (chemically 
determined) in guinea pigs on an inadequate diet 
only after marked weight losses and within a week- 


before death. In the case of the sheep, Winegar, 
Pearson and Schmidt (42) were unable to find 
any decreases in nicotinic acid excretion. 


EXPERIMENTAL 

We have studied the possibility of the chemical diag- 
nosis of nicotinic acid deficiency by simple analyses of 
urine and blood and by a variety of “ saturation tests.” 

An application of the cyanogen bromide and aniline re- 
agents, which we have described (39, 40, 28) was used 
for the determination of nicotinic acid and its compounds. 
It is designed to avoid errors, which are due to inadequate 
extraction or to adsorption, by direct hydrolysis of the 
test substance followed by preferential charcoal adsorp- 
tion for the decolorization of the hydrolysate. By this 
method the blood nicotinic acid values are higher than 
those reported by other chemical methods and fall within 
the range of the values obtained by bacterial growth or 
enzyme fermentation methods (Table I). Nicotinamide 
and coenzyme I added to blood have been found to be 
completely hydrolyzed and recovered as free nicotinic 
acid (4). 

Studies of the blood and plasma nicotinic acid content. 
The whole blood nicotinic acid values of 17 patients be- 
fore treatment are presented in Table III. In some of 
them, the nicotinic acid content of the plasma was also 
determined. The figures obtained fall well within the 
range of those found in 40 normal subjects. 


table in 


Comparison of the blood nicotinic acid values of normal 
subjects and of nicotinic-acid-deficicnt 
patients before treatment 


Case 

number 

Sex 

Degree of 
deficiency 

Whole blood 
values 

Plasma 

value 

1 

F 

Marked 

infill, per cent 
0.66 

mgm. Per cent 

2 

F 

Marked 

0.49 

0.15 

4 

F 

Marked 

0.94* 

5 

F 

Marked 

0.77 

0.14 

8 

F 

Marked 

0.81 

9 

F 

Marked 

0.61 

0.26 

10 

M 

Marked 

0.69 


11 

F 

Moderate 

0.55 

0.00 

12 

F 

Moderate 

0.64 


13 

M 

Moderate 

0.75 


14 

F 

Moderate 

' 0.67 


15 

F 

Moderate 

1.00 


17 

F 

Suboptimal 

0.87 

0.13 

18 

F 

Suboptimal 

0.64 

19 

F 

Suboptimal 

0.57 


21 

M 

Suboptimal 

0.71 

0.20 

22 

M 

Suboptimal 

0.56 


Normal controls (40 subjects) f 

Average 0.67 

Range 0.52—0.83 


0.15 

0.05-0.24 


* This patient had an hematocrit of 52 per cent., 
t The data on the normal blood and plasma nico 
acid values are presented elsewhere (4). 
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Fig. 2. Typical Blood Nicotinic Acid and Nicotinamide Tolerance Curves Obtained With Normal and 

N ICOTINIC- ACID-DEFICIENT SUBJECTS 

Graph L Following the intravenous administration of nicotinamide, 5 mgm, per kilogram of body weight. 
Graph II. Following the oral postprandial administration of 500 mgm. of nicotinic acid. 

Graph II L During the postprandial ingestion of 200 mgm. of nicotinamide, three times daily. Each blood 
sample was taken at least 12 hours after the last dose. 

Graph IV. Following the oral administration of nine 200 mgm. doses of nicotinic acid, one every 2 hours. 
(The values are plotted in days after the ingestion of the first of the test doses.) 

Graph V . Following the intramuscular administration of nicotinamide, 500 mgm. per square meter of surface 
area. 


A large number of “ tolerance curves” of blood nico- 
tinic acid values were obtained following the adminis- 
tration of nicotinic acid or nicotinamide to normal and 
deficient subjects. Since the data are voluminous and the 
results are negative, only the curves obtained with one 
normal subject and with one definitely deficient patient 
are presented for each of five different procedures (Fig- 
ure 2). All the tests have been confirmed by similar 
studies with other normal and deficient subjects. 

In Graph I of the figure are plotted the serial blood 
values obtained following the intravenous administration 
of nicotinamide, 5 mgm. per kilogram of body weight 
(equivalent to about nine times the total quantity, free 
and combined, of nicotinic acid in the blood). In no case 
of nicotinic acid deficiency was there any significant dif- 
ference from the normal in the rate of removal of the 
amide from the blood stream. Even when the test was 


repeated with the same patient, shortly after 2 weeks of 
intensive nicotinamide therapy, no appreciable change in 
the tolerance curve was noted. The relatively small in- 
crease in the blood nicotinic acid and the prompt return 
to the basal level, which was noted in every case, could 
not be explained by rapid excretion of the compound. 
Only 10 per cent of the test dose was found in the urine. 
The serial blood values obtained following the oral 
postprandial administration of 500 mgm. of nicotinic acid 
(Graph II) likewise showed no significant difference be- 
tween the normal and deficient subjects. In this type of 
test there is a slower increase in the blood nicotinic acid 
concentration, the maximum being attained from 2 to 3 
hours after the test dose is taken. The maximal values, 
however, are much smaller than those recorded in Graph 
I following intravenous administration. 
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* In Graph III are presented typical blood values ob- 
tained during the postprandial administration of 200 mgm. 
of nicotinamide three times daily over a period of 11 
days. Each blood sample was taken at least 12 hours 
after the last dose. No significant differences were ob- 
served between the blood values obtained with the normal 
and deficient subjects. In no case were there significant 
variations from the initial basal blood values. 

It was thought that possibly in the above tests the 
increases in the blood values were not sufficiently large 
or prolonged to allow differences in the rate of removal 
of nicotinic acid (or amide) from the blood to be noted. 
In Graph IV the serial blood values following the oral 
administration of nine 200 mgm. doses of nicotinic acid, 
one every 2 hours, are plotted. In these tests the ele- 
vated blood values persisted over an appreciable period 
of time (more than 7 days) but, again, differences be- 
tween the responses of the normal and deficient subjects 
were not apparent. 

In Graph V are presented representative data follow- 
ing the intramuscular administration of nicotinamide, S00 
mgm. per square meter of surface area. In these tests, 
markedly elevated blood values were obtained and these 
persisted for a considerable period of time (more than 
3 hours). However, no differences were observed be- 
tween the blood values obtained with normal and de- 
ficient subjects. 

Extensive studies involving serial plasma nicotinic acid 
determinations were not carried out. Preliminary inves- 
tigations (4) had shown that the plasma values return 
to the basal level even more promptly than those for 
whole blood. 

Studies of the urinary excretion of nicotinic acid and 
its derivatives . In Table IV are presented the results of 
analyses of 24-hour urine specimens from normal sub- 
jects and from patients with severe dietary deficiency. 
Four of the patients had fully developed “ classic ” pel- 
lagra. Case 3 had alcoholic neuritis with a mildly red- 
dened tongue and no significant skin changes. The other 


TABLE IV 

Urinary excretion during abstinence jrom coffee , tobacco , 
tea and chocolate 


Normal subjects j 

Deficient subjects 

Case 

Nicotin- 

TriRo- 

Case 

Nicotin- 

Thro- 

amide 

nelline 

amide 

nelline 


mgm . per 

mgm. per 1 


mgm. perl 

mgm . per 


24 hours 

24 hours 1 


24 hours 

24 hours 

M. E. B. 

3.4 

12,0 ! 

1 

1.3 

3.9 

M. E. B. 

4.1 

13.8 

2 ! 

3.6 

1.5 

M. E. B. 

5.5 

12.3 

2 

3.3 

3.3 

M. E. B. 

4.1 

9.0 

3 ; 

4.2 

7.5 

H. G. W. 

3.1 

10.2 

4 

3.6 

1.2 


3.5 I 

16.8 

5 

1.7 

3.0 


3.6 

15,8 

6 

2.8 

3.3 

15 other specimens from 

7 

1.2 

0.9 

8 subjects 




i 

2.8-6. 2 | 

6.9-42.0 

7 

2.6 

3.3 

Average 

3.8 , 

19.5 

Average 

2.7 

3.1 


2 patients had pyloric or intestinal obstruction and had 
eaten very little for a considerable time but had only 
minor skin changes. 

During the time of collection of the specimens, and 
usually for one or more days before, the subjects ab- 
stained from the use of tobacco, coffee, tea and chocolate. 
Preliminary observations have indicated that the latter 
two substances affect the results very little. The use of 
coffee and tobacco, as noted above, causes large increases 
in the trigonelline and, in some individuals, in the ap- 
parent nicotinic acid excretion; these increases are un- 
related to the vitamin metabolism, The avoidance of 
them is a minimal requirement for a basal regime which 
will permit chemical analyses of urine by present meth- 
ods to have any significance in relation to nicotinic acid 
nutrition. 

It will be seen that the apparent nicotinic acid excre- 
tion of the deficient subjects tended to be less than that 
of the normal subjects, averaging 2.7 mgm., against 3.8 
mgm. per 24 hours. There were, however, several in- 
stances of overlapping of values between the two groups. 
It is quite possible that this overlapping was due to the 
excretion of other ingested pyridine compounds and might 
not occur with a more specific method of analysis. 

The differences between the trigonelline excretions of 
the deficient and the normal subjects were must greater; 
an average value of 3.1 mgm. per 24 hours for the de- 
ficient group compared with 19.5 mgm. per 24 hours for 
the normal group. They were also much more consistent. 
The one patient whose trigonelline excretion approxi- 
mated the lowest value obtained in any normal subject, 
and who had alcoholic neuritis, was a non-smoker. The 
analysis was done so long after the collection of the 
specimen that it was impossible to determine if die 
coffee had been omitted. 

DISCUSSION 

We had found that, in a dog, the blood nico- 
tinic acid remained elevated for many hours after 
the intravenous injection of a sufficiently large 
dose of nicotinic acid. The doses required were 
large — 10 mgm. per kilo. Giving comparable 
parenteral doses of nicotinic acid to humans was 
not feasible but we had found that such parenteral 
doses of nicotinamide produced no unpleasant 
symptoms in ourselves other than some local pain, 
when given intramuscularly. Because it had been 
demonstrated that the tissues of experimental!) 
deficient animals had a decreased content of nico- 
tinic acid-containing enzymes , it was thought pos 
sible that nicotinic acid and nicontinamide woul 
be removed from the blood of deficient subjects 
faster than from that of normal subjects. Suci 
does not appear to happen. We have found no 
indication that the blood nicotinic acid content, 
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either under basal conditions or after any type of 
dosage, is a measure of nicotinic acid nutrition. 

This is unfortunate because the present chemical 
methods for determination of nicotinic acid are not 
specific. Other pyridine compounds present in 
vegetable materials give reactions similar to those 
of nicotinic acid and the methylated form, tri- 
gonelline, in which the greater part of nicotinic 
acid is excreted in the urine. It is possible that 
a more specific method would show more distinc- 
tive differences in the urinary excretion of nico- 
tinamide. 

In order to make determinations of trigonelline 
excretion significant as a measure of nutrition, it 
is necessary to have subjects on a basal regime 
eliminating at least the major sources of trigonel- 
line of non-vitamin origin — coffee and tobacco. 
What further standardization of the basal regime 
is desirable remains to be determined. It may be 
that part of the decrease in the trigonelline ex- 
cretion of the deficient subjects was due to a lesser 
intake of preformed trigonelline in a smaller in- 
take of all foods. It appears that, with a suffi- 
ciently standardized basal regime and with a satis- 
factorily quantitative method of recovery of 
trigonelline, its excretion in the urine may be a 
measure of nicotinic acid nutrition. 

SUMMARY 

1. A review of the literature has shown no 
agreement as to the value of determination of the 
nicotinic acid compounds in urine or blood as a 
measure of nicotinic acid nutrition. 

2. The data of the earlier reports have been 
re-assessed, in the light of more recent knowledge, 
to indicate what compounds were included in the 
reported “ nicotinic acid ” values, and the validity 
of methods has been discussed. 

3. In the present study, no differences were 
observed in the basal blood or plasma nicotinic 
acid content of normal and deficient subjects. 

4. Five different types of blood nicotinic acid 
or nicotinamide tolerance curves showed no dif- 
ference between normal and deficient subjects. 

5. With the procedures used in this study there 
was an average, but not a constant, decrease in the 
urinary excretion of substances reacting like nico- 
tinamide by deficient subjects. 

6. There was a more marked and a more con- 
sistent decrease in the urinary excretion of tri- 


gonelline in the deficient subjects. With a suf- 
ficiently standardized basal regime and with a 
satisfactorily quantitative method of recovery of 
trigonelline, the urinary excretion of trigonelline 
may be a measure of nicotinic acid nutrition. 
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Considerable interest has been evidenced during 
the past few years in the attempt to correlate the 
blood vitamin A content of the human under vari- 
ous conditions with the nutritional status of the 
body (1 to 6). In these studies, normal ranges 
were determined by estimation of the blood vita- 
min A for a large number of healthy subjects. In 
some instances (1,4), human subjects were placed 
on vitamin A-deficient diets and the blood levels 
were followed over periods of two to six months. 
It was not possible to give diets entirely deficient 
in vitamin A, or to continue the diets for sufficient 
lengths of time to reach critically low vitamin A 
levels. Because human subjects were used, it was 
also impossible to correlate the blood values with 
the liver stores. The present study, using the rat 
as the experimental animal, was designed to aid in 
the interpretation of data obtained on human sub- 
jects. Blood and liver vitamin A concentrations 
were determined on rats during the course of de- 
pletion and while they were fed definite quantities 
of vitamin A. 


EXPERIMENTAL 

Eighty-six rats from a Wistar strain, twenty-eight days 
old, were placed on the basal diet given in Table I. 
Group I remained on the basal diet throughout the ex- 
periment. All animals in group II received the basal diet 
plus four units of vitamin A per day until the thirty- 
fifth day. At this point it was found that the body stores 
had been depleted. A part of this group was then re- 
duced to zero units per day, a part remained on four units 
per day, and a part was raised to twenty units per day 
for the remainder of the experiment. Group III was 
depleted until loss of weight and incipient xerophthalmia 
indicated avitaminosis A. At this point each animal was 
given twenty units per day throughout the remainder of 
the experiment. Group IV was depleted in the same 
manner as group III. At the end of depletion each ani- 
mal was given 1200 units of vitamin A as a single dose, 
representing twenty units for each day on the depletion 

1 The expense of this study was defrayed in part by 
a grant from the Horace H. Rackham and Mary A. 
Rackham Foundation. 


diet, and twenty units per day each day thereafter until 
the end of the experiment. 

Throughout the experiment, groups of three, four, or 
five rats, depending on their size, were killed for analysis 
of the blood and liver at appropriate intervals. The 
pooled blood from each group was allowed to clot and 
the serum removed. Vitamin A determinations were run 
according to Kimbles’ (5) modification of the method of 
Dann and Evelyn (7), using the macro unit of the Evelyn 
photoelectric colorimeter. The livers of each group of 

TABLE i 

Basal diet 


Total weight Total calories 


Per cent per cent 


Casein, vitamin free 18 16 

Corn starch 63 55 

Salts (Osborne and Mendel (1919)) . 4 

Hydrogenated vegetable oil (Crisco) 15 29 


100 100 


Vitamins B, G, and D were supplied daily in the form of 
pellets containing 400 mgm. of dried brewer’s yeast and 10 
I.U. of vitamin D as irradiated Ergosterol. When a 
supplement of vitamin A was given, biologically stand- 
ardized cod liver oil, diluted to furnish the desired number 
of International Units of vitamin A, was added to the 
pellets. 


rats were similarly combined and weighed. They were 
then ground with anhydrous sodium sulfate until a fine 
powder was obtained. After making up to 100 cc. with 
water, and shaking well, 5 cc. aliquots of this viscous 
suspension were taken for analysis. Two cc. of 30 per 
cent NaOH were added to these samples, after which 
they were heated in a water bath under nitrogen for an 
hour, this being considered sufficient time to hydrolyze 
the esters of vitamin A in the liver. The vitamin A in 
the hydrolysate was then determined in a manner analo- 
gous to that applied to the blood samples. 

The concentrations of vitamin A in blood and liver are 
expressed as micrograms per 100 cc. of serum or 100 
grams of liver tissue. To do this, the L (1 cm., 1 per 
cent, 620 rw) values obtained on the Evelyn colorimeter 
and calculated according to Dann and Evelyn (7) are 
converted into the spectrophotometric extinction coefficient 
E (1 cm., 1 per cent, 328mp). The conversion factor 
as determined by Dann and Evelyn, is E (1 cm 1 ner 
cent, 328 = L X (0.41 ± 0.05). Holmes and Corbet 

(8) have succeeded in preparing crystalline vitamin A 
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Fig. 3. Growth Curve and Concentrations of Vitamin A in the Blood 
and Liver of Rats Receiving No Vitamin A Until the Fifty-eighth Day, 
Then Twenty I.U. Per Day Thereafter Until the End of the Experiment 


min A until growth ceased. At this point it was 
assumed that their blood and livers were depleted 
of vitamin A, as were those of the animals receiv- 
ing an initial supplement of four I.U. per day, 
mentioned above. A daily supplement of twenty 
I.U. of vitamin A was begun and immediately nor- 
mal growth was resumed. Here again the re- 
sponse is shown by a rise in the blood vitamin A, 
but there is little change in the liver. Apparently, 
twenty I.U. of vitamin A per day are sufficient to 
keep the blood concentrations high enough to main- 
tain body functions but do not furnish enough to 
allow storage in the liver. 

Of the rats receiving four I.U. of vitamin A 
per day until the thirty-fifth day (Figure 2), part 
were continued with the same dosage until the end 
of the experiment. The growth of these animals 
began to fall off by about the forty-ninth day. 
Though they did not actually lose weight, they did 


little more than maintain themselves. When they 
were killed on the ninety-first day, the livers were 
completely empty, as would be expected from tie 
analysis of the livers on the thirty-fifth day. ^ 

The third curve in Figure 2 represents animals 
from whom vitamin A was taken away altoget er 
on the thirty-fifth day, after they had received 
four I.U. per day until this time. These rats were 
killed on the eighty-fourth day after loss of muci 
weight and, as was expected, there was no vitamin 
A in the blood or liver. These animals had lost so 
much weight and were in such poor condition t ia 
they would certainly have died within a wee 
they had not been killed. It is also unlikely tia 
the controls could have survived long beyon tic 
seventy-seventh day when they were kille or 
analysis, since members of the group had a rea 
died, probably due to infection. Thus, the ai y 
supplement of four I.U. of vitamin A receive 
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Fig. 4. Growth Curve and Concentrations of Vitamin A in the Blood 
and Liver of Rats Receiving No Vitamin A Until the Fifty-ninth Day, 
Then 1200 I.U. as a Single Dose and 20 I.U. Per Day Thereafter Until 
the End of the Experiment 


these rats for thirty-five days did not appear to 
prolong their lives beyond those of the controls 
who had received no supplement at all. Appar- 
ently, four I.U. of vitamin A daily had not slowed 
down depletion of the body stores appreciably. 
This is surprising since, by definition, one Sherman 
unit (approximately 1.4 I.U.) is sufficient to cure 
xerophthalmia and to produce slight growth. 
Anything above two I.U. has been generally ac- 
cepted as enough to produce normal growth. Bau- 
mann, Riising, and Steenbock (10) found that as 
little as one I.U. was sufficient to cure xerophthal- 
mia and restore growth but that seven to seven- 
teen I.U. were required to produce storage in the 
liver. Goss and Guilbert (11) state that eighteen 
to twenty-two I.U. per day per kgm. (about 1.8 to 
2.2 I.U. for young rats) are necessaiy to prevent 
vaginal comification, but they found no storage of 
the vitamin in the liver if less than 382 I.U. per 
day per kgm. were given. We have shown in 


other experiments (12) that four I.U. daily are 
sufficient to cure xerophthalmia and cause the rat 
to resume normal growth at least for a short 
period, but unreported determinations on these 
rats show that this amount does not raise the con- 
centration in the blood above the depletion level. 
The present experiment shows that four I.U. are 
enough only to maintain body weight and protect 
against xerophthalmia, but furnish no vitamin A 
to the blood or liver as a margin of safety for the 
animal. 

Figure 4 presents the growth curve for twelve 
rats which, at the end of the depletion period, re- 
ceived 1200 I.U. of vitamin A as a single dose, 
representing twenty I.U. per day for each day on 
the depletion diet, and thereafter received twenty 
I.U. per day. Here again normal growth was re- 
sumed. Rats killed seven days after the initial ad- 
ministration showed a large liver reserve and a 
normal blood value. Sixteen days later, however. 
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but there is little change in the liver. Apparently, 
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keep the blood concentrations high enough to main- 
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these rats for thirty-five days did not appear to 
prolong their lives beyond those of the controls 
who had received no supplement at all. Appar- 
ently, four I.U. of vitamin A daily had not slowed 
down depletion of the body stores appreciably. 
This is surprising since, by definition, one Sherman 
unit (approximately 1.4 I.U.) is sufficient to cure 
xerophthalmia and to produce slight growth. 
Anything above two I.U. has been generally ac- 
cepted as enough to produce normal growth. Bau- 
mann, Riising, and Steenbock (10) found that as 
little as one I.U. was sufficient to cure xerophthal- 
mia and restore growth but that seven to seven- 
teen I.U. were required to produce storage in the 
liver. Goss and Guilbert (11) state that eighteen 
to twenty-two I.U. per day per kgm. (about 1.8 to 
2.2 I.U. for young rats) are necessary to prevent 
vaginal cornification, but they found no storage of 
the vitamin in the liver if less than 382 I.U. per 
day per kgm. were given. We have shown in 


other experiments (12) that four I.U. daily are 
sufficient to cure xerophthalmia and cause the rat 
to resume normal growth at least for a short 
period, but unreported determinations on these 
rats show that this amount does not raise the con- 
centration in the blood above the depletion level. 
The present experiment shows that four I.U. are 
enough only to maintain body weight and protect 
against xerophthalmia, but furnish no vitamin A 
to the blood or liver as a margin of safety for the 
animal. 

Figure 4 presents the growth curve for twelve 
rats which, at the end of the depletion period, re- 
ceived 1200 I.U. of vitamin A as a single dose, 
representing twenty I.U. per day for each day on 
the depletion diet, and thereafter received twenty 
I.U. per day. Here again normal growth was re- 
sumed. Rats killed seven days after the initial ad- 
ministration showed a large liver reserve and a 
normal blood value. Sixteen days later, however, 
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TABLE II 

Siivimary of blood and liver determinations 





Vitamin A 




Blood 


Liver 


Liverfat 


L (1 per cent 1 cm.) 

t micro - 

L ( 1 per cent 1 cm.] 

j micro - 

grams 

Group I — depleted 

X IO> 

grams 
per cent 

x 10 * 

grains 
per cent 

per cent 




0 days 

1.44 

28.1 

10.40 

203.0 


7 days 

1.59 

31.0 

14.35 

280.0 

6.25 

11 days 

0.99 

19.3 

15.06 

294.0 

8.02 

14 days 

0.59 

11.5 

3.15 

61.5 

5.84 

18 days 

0.56 

10.9 

2.89 

56.5 

10.05 

21 days 

0.14 

2.7 

1.12 

21.8 

13.80 

38 days 

0.09 

1.7 

1.22 

23.8 


77 days 

0.0 

. 0.0 

1.21 

23.5 

8.30 

Group II — Four I.U. vitamin A per day to thirty-fifth day 






Thirty-fifth day 

0.14 

2.7 

0.90 

17.6 


20 units per day thirty-fifth to sixty-sixth day 

20 units per day thirty-fifth to ninety-eighth day 

4 units per day thirty-fifth to eighty-fourth day 

0.67 | 

13.1 

2.01 

1.20 

0.77 

39.2 

23.5 

15.1 

' 11.25 

0 units per day thirty-fifth to eighty-fourth day 

0.16 

3.1 

1.22 

23.8 

14.55 

Group III — depleted to fifty-eighth day 




40.3 


20 units per day to sixty-seventh day 

0.58 

11.3 

2.06 

19.35 

20 units per day to eighty-first day 

0.72 

14.1 

1.85 

36.1 

20 units per day to ninety-eighth day 

0.66 

12.9 

1.27 

24.8 

17.40 

Group IV — depleted to fifty-ninth day — 1200 I.U. vitamin A 
given as one dose 




938.0 


20 units per day to sixty-sixth day 

1.32 

25.8 

48.00 


20 units per day to eighty-second day 

1.12 

21.9 

21.80 

427.0 

14.85 

20 units per day to ninety-eighth day 

1.29 

25.2 

3.66 

71.5 


the concentration in the liver had gone down by 
more than one-half, and on the thirty-ninth day 
after the administration the liver was nearly de- 
pleted of vitamin A. The concentration in the 
blood in each instance remained normal. Through- 
out this time the liver had been furnishing a de- 
creasing vitamin A supply, but this plus the dietary 
supplement was sufficient to maintain a normal 
concentration in the blood. These values indicate 
that even twenty units per day, though they sup- 
port normal growth, are not sufficient to maintain 
the liver stores. At the end of the experiment 
these animals were little better off than those 
shown in Figure 3 who had not received the 
massive dose at the end of depletion. In view of 
the findings of Baumann ct al (10), twenty I.U. 
of vitamin A per day seemed to us a liberal 
amount. The fact that they were not enough to 
maintain liver storage was surprising. Work is 
now in progress on the vitamin A requirement for 
normal liver storage. 

Table II summarizes the material in the charts, 
giving the vitamin A concentration both in L units 


and in micrograms per 100 cc. of material used. 
Determinations on the fat content of the livers are 
also included. We wished to find out whether 
there was any change in fat content, paralleling the 
changes in vitamin A. However, we could find no 
such parallelism. This confirmed the observations 
of Thorbjarnarson and Drummond (13). 

From the above data, it seems fair to conclude 
that determinations of the concentration of vita- 
min A in blood are an index to the vitamin A nu- 
trition of the body in the rat. There is definitcl) 
a relationship between the concentration in the 
blood and the liver stores. A normal blood con- 
centration cannot be maintained unless there is 


adequate liver storage. As the liver stores are de 
pleted, the concentration in the blood gradually de 
creases, since intermediate concentrations are 
found in the blood when the liver stores are low- 
Complete absence of vitamin A in the blood an 
in the liver occurs at about the same time. n 
cases of suboptimal intake, the concentration in 
the blood is especially significant. Apparent >» 
if it is maintained above a certain minimum, t 
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tissues are furnished with sufficient vitamin A for 
continued growth and development. When this 
concentration cannot be maintained from the diet 
or liver stores, the animal starts to lose weight and 
to develop characteristic avitaminosis A symp- 
toms. These, however, occur as very late mani- 
festations of low blood and liver concentrations. 
Even when the animal has been shown by chemi- 
cal analysis to be depleted of vitamin A, there is 
a long and unexplained lag in the physiological 
response. 

SUMMARY 

1. A total of eighty-six rats, twenty-eight days 
old, were placed on basal diets containing no vita- 
min A. Part were given supplements of a defi- 
nite amount of the vitamin at the beginning of 
the experiment, and part were given none through- 
out. The rest were depleted of vitamin A, then 
divided into groups, each group receiving different 
amounts of -vitamin A. Animals were killed at 
intervals during the experiment and the vitamin A 
content of the livers and blood was determined. 

2. When no vitamin A was included in the diet, 
its concentration in the blood and liver declined in 
a parallel manner. Animals receiving four I.U. 
per day showed depletion levels in the blood and 
liver at approximately the same time as those re- 
ceiving no supplement. Twenty I.U. per day 
were not sufficient to maintain storage in the liver, 
but did maintain an elevated (though subnormal) 
concentration in the blood. These animals grew 
normally. 

3. It is concluded that determinations of the 
concentration of vitamin A in the blood are an 
index of the vitamin A nutrition of the body. 

Since this paper was accepted for publication, J, M. 
Lewis and others have published data which for the 
most part confirm the findings presented here (14). 
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Investigation of vitamin A and carotene me- 
tabolism in diabetes mellitus has led to several 
interesting observations by different workers. 
Ralli, cl at (1) have shown that the blood level 
of carotene is higher in the diabetic than in the 
normal. She also found that the administration 
of carotene in oil to diabetic patients caused the 
blood carotene to rise to a higher level and to re- 
main there longer than in the normal controls. 
From this Ralli postulated that in diabetes there is 
a diminished ability of the liver to convert caro- 
tene to vitamin A. Rrazer and Curtis (2) found 
supporting evidence for this theory in work based 
on the Jeans biophotometer test. They reported 
that dark adaptation was abnormally slow in pa- 
tients with diabetes mellitus, indicating vitamin A 
deficiency. The administration of carotene to 
these patients caused no change in the biophoto- 
meter reading, whereas vitamin A, in equivalent 
amounts, quickly returned their dark adaptation 
time to normal. 

Recent w r ork in our laboratory (3), using rats, 
has shown that the concentration of vitamin A in 
the blood is a reliable index to the vitamin A 
status of the body. In view of this, we felt that 
it was of interest to investigate further the vita- 
min A of the diabetic individual and to examine 
the theory postulated by Ralli. This was done by 
following the blood vitamin A and carotene levels 
of normals and of patients with diabetes mellitus. 

EXPERIMENTAL AND DISCUSSION 

Vitamin A and carotene were determined by Kimble’s 
(4) modification of the method of Dann and Evelyn (5), 
using the macro unit of the Evelyn photoelectric color- 
imeter. Vitamin A is expressed as micrograms per 100 
cc. of plasma. This is derived from the fundamental L 
(1 per cent, 1 cm., 620 mn) values, calculated according to 
Kimble (4). By converting L (1 per cent, 1 cm., 

l The expense of this study was defrayed in part by 

a grant from the Horace H. Rackham and Mary A. 

Rackham Foundation. 


620 mM) to the spectroscopic unit E (1 per cent, 1 cm., 
328 mg) (5), and applying the value for crystalline vita- 
min A determined by Holmes and Corbet (6), it is 
possible to express our results as micrograms per 100 
cc. Carotene, which is also recorded in micrograms 
per 100 cc., was calculated from a standard reference 
curve, using two sources of crystalline carotene (East- 
man Kodak Company 3702 and Nutritional Research 
Associates, Inc.) with color filter 440. By this method, 
plasma vitamin A and carotene concentrations were 
determined on a number of healthy controls (physi- 
cians, dietitians, nurses, and laboratory workers, all eat- 
ing in the same dining room). The blood on which the 

TABLE I 

Carotene and vitamin A blood values of normal subjects 


Males 


Females 


Number 

Caro- 

tene 

Vitamin A 


micro- 


micro - 


grams 

L units 

grams 


per 

XI0 5 

Per 


cent 


cent 

1 

250 

1.90 

37.1 

2 

310 

2.10 

41.0 

3 

160 

1.70 

33.2 

4 

210 

2.10 

41.0 

5 

110 

1.30 

25.4 

6 

130 

1.40 

27.3 

7 

140 

2.00 

39.0 

8 

110 

1.40 

27.3 

9 

230 

1.40 

27.3 

10 

200 

1.50 

29.2 

11 

348 

2.00 

39.0 

12 

200 

1.80 

35.1 

13 

160 

1.60 

31.2 

14 

160 

1.70 

33.2 

15 

too 

2.00 

39.0 

16 

175 

1.83 

35.7 

17 

249 

2.20 

42.8 

18 

216 

1.85 

36.1 

19 

206 

uo 

25.4 

20 

266 

1.03 

20.1 

21 

102 

1.66 

32.4 

22 

198 

1.54 

30.1 

23 

179 

1.68 

32.8 

24 

334 

1.91 

37.3 

25 

254 

1.65 

32.5 

Average 

199 

1.70 

33.2 


Number 

Caro- 

tene 

Vitamin A 

1 

micro- 
grams 
Per 
uni j 

250 ; 

L units 
XiC» 

1.70 

micro- 

grams 

Per 

cent 

33.2 

2 

230 

1.40 

27.3 

3 

210 1 

1.30 

25.4 

4 

280 

1.50 

29.2 

5 

170 

1.30 

25.4 

6 

220 

1.40 

27.3 

*7 

420 

1.90 

37.1 

8 

250 

1.40 

27.3 

9 

240 

1.60 

31.2 

10 

149 

1.49 

29.1 

11 

287 

1.36 

26.5 

12 

161 

1.47 

28.7 

13 

179 

1.28 

25.0 

14 

153 

: 1.47 

28.7 

15 

247 

1 1.68 

32.8 

16 

368 

1.58 

30.8 

17 

264 

1.65 

32.2 

18 

136 

1.38 

26.9 

19 

266 

1.56 

30.4 

20 

262 

1.37 

26.7 

Average 

227 

1.49 

29.1 

Total 



j 

average 

213 

1.59 

1 31.1 


thp ntw c th t?l^ ietltian - 0rl approximately the same diet 
h d a ?A nsistentl y hJ gber plasma carotene. 
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determinations were made was not necessarily fasting 
blood, since Kimble (4) has shown that ordinary meals 
do not increase the concentration of either vitamin A or 
carotene within two to six hours after ingestion. The 
range was found to be 20.0 to 43.0 micrograms of vitamin 
A per 100 cc. and 100 to 368 micrograms of carotene per 
100 cc., as shown in Table I. The vitamin A concentra- 
tions in this group were close to, though somewhat 
higher, than those obtained in rats that were shown to 
have adequate stores in their liver. This seems to indi- 
cate that the normal subjects used were all in a good 
vitamin A nutritive state. In addition, our range is in 
close agreement with that found by Kimble (4) (1.2 to 
2.9 L 620 units of vitamin A and 100 to 360 micrograms 
of carotene per 100 cc.) on a larger group of healthy 
controls. Our data show a sex variation, which, again, 
is in agreement with Kimble. The women have slightly 
lower vitamin A and higher carotene values than the men. 
The difference, however, is of doubtful significance. 

Results on sixteen diabetic patients are shown 
in Table II. Those included in the study were 
chosen because they appeared to be of the juvenile 
type and were selected from the patients who pre- 
sented themselves to the clinic for care. Except 
for the three from whom we obtained carotene 
tolerance data, we collected our samples without 
interfering with the clinical treatment and in only 
a few cases were the patients glycosuric. During 
the experimental period, the three patients on 
whom carotene tolerance tests were made were 

TABLE II 


Carotene and vitamin A blood values for diabetic subjects 


Subject 

Caro- 

tene 

Vitamin A 

Condition 


micro- 


l . 
micro - 



grams 

L units 

grains 



per 

X 703 

per 



cent 

1 

cent 


1. Male 

372 

1.59 

31.0 

Controlled 


321 

1.58 

30.8 

Carotenemia 


312 

1.55 

30.2 



436 

1.99 

38.8 



370 

1.59 

31.0 


2. Female 

264 

1.31 

25.6 

Controlled 

3. Female 

155 

1.02 

19.9 

Controlled 

4. Female 

250 

1.44 

28.1 i 

Controlled 

5. Female 

436 

1.40 

27.3 | 

Controlled 

6. Female 

283 

2.90 ; 

56.6 

Xanthoma; high blood sugar 


103 1 

1.94 i 

37.9 | 

throughout 


112 

2.10 

41.0 

Uncontrolled 

7. Male 

82 1 

1.46 1 

28.5 1 

Controlled 


102 

2.00 

39.0 


8. Male 

370 

1.29 

25.2 

Controlled 


241 

1.55 

30.2 

Controlled 


430 

1.64 j 

32.0 


9. Male 

69 

1.81 

35.3 

Controlled 

10. Male 

190 

1.52 

29.7 

Controlled 

11. Male 

448 

1.60 

31.2 

+ + + 4- sugar 


454 

1.51 

29.5 

Controlled — -carotenemia 

12. Male 

660 

1.19 

23.2 

Controlled — carotenemia 

13. Female 

229 

1.10 

21.4 

Uncontrolled; + + acetone 

14. Male 

182 

1.58 

30.8 | 

Controlled 

15. Male 

227 

1.37 

26.7 1 

Controlled 

16. Male 

461 

1.98 

32.3 

Xanthoma 

Average 

291 

1.62 

31.3 



controlled with insulin. Two of them remained 
aglycosuric throughout the period and the third 
showed a small amount of sugar in two of four 
daily urine specimens. The ages of all patients 
ranged from 13 to 41 years. Ten were under 25, 
the remaining six over 25. All presented a his- 
tory of the typical onset of the disease — polyuria, 
polyphagia, polydipsia and weight loss. Twelve 
had ketonuria on various admissions and of the 
remaining four, three were admitted in diabetic 
coma and the fourth gave a history of such an at- 
tack. In every case the fasting blood sugar be- 
fore treatment was more than 187 milligrams per 
cent. With the use of diets containing from 150 
to 300 grams of carbohydrate, it was necessary to 
use insulin in every case in amounts ranging from 
30 to 105 units daily. The diabetes in these six- 
teen patients ranged from moderate to greatest 
severity, as would be expected in any such group 
of young diabetics. 

The vitamin A values for the juvenile dia- 
betics are surprisingly constant. With the excep- 
tion of one high value (56.6 mgm. per 100 cc.) 
in a patient with xanthoma diabeticorum, all fell 
within the normal range and the average is the 
same as it is for the normal subjects. The con- 
stancy of the vitamin A concentrations in these pa- 
tients was not related to the widely varying caro- 
tene concentrations. A large number of the lat- 
ter fall above the normal range, and the average 
is significantly higher than is the carotene average 
of the normals. 

Carotene tolerance data with both normal and 
diabetic subjects were also obtained. In this way 
we were able to compare the concentrations of 
vitamin A and carotene attained in the blood and 
the subsequent rate of decline in the two classes 
of subjects after administration of a massive dose 
of carotene. In all cases several determinations 
were run during the week prior to administration 
of carotene to determine the average concentration 
in the blood for each subject. During this time 
the subjects were on a standard diet containing 
7500 International Units of vitamin A. Eighty 
milligrams (130,000 International Units) of caro 
tene in oil were given by mouth. Blood analyses 
were made at two, four, six, and nine hours after 
the administration, and daily thereafter for th c 
ensuing five days. A summary of the results is 
presented in Figure 1. 
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PER 

100 CC.. SERUM 



Fig. 1. Blood Levels for Vitamin A and Carotene Before and After Administra- 
tion of 130,000 I.U. of Carotene in Oil to Diabetic and Normal Subjects 


The concentration of carotene in the blood did 
not rise to as high a level as might be expected, 
m view of the massive dose given, in either the 
diabetic or the normal subjects. The stools were 
observed to be reddish in color, indicating that 
the carotene was not well absorbed from the intes- 
tine. However, the diabetics did not show a 
greater rise in the concentration of carotene in 
the blood, nor did the concentrations remain ele- 
vated longer than in the normals. The variations 
in the concentration of vitamin A in the blood did 
not alter significantly in either group of subjects 
throughout the experiment. This observation, 
plus the fact that the entire group of diabetics 
studied had normal concentrations of vitamin A in 
the blood, did not indicate that the liver of the 
diabetic converts carotene to vitamin A more 


slowly than the normal. This study, of course, 
represents a small group of diabetic subjects, and 
the* results are not statistically conclusive. Jo- 
sephs (8) found that there is a relationship be- 
tween vitamin A and carotene on the one hand, 
and total blood lipids on the other, due to the fat 
solubility of the former. If this is the case, the 
high blood fat often associated with diabetes 
would help to explain the high carotene values 
found in our diabetic group. This is an aspect 
of the subject that we are now investigating. 

Since the variations in blood vitamin A were 
so small in our diabetics, we were led to the inves- 
tigation of vitamin A and carotene in two normal 
subjects (M. M. and A. C.) placed on vitamin A 
low diets. In this way we wished to find out 
how easily and to what extent the carotene and 
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Fig. 2. Blood Vitamin A and Carotene Depletion Values on Two Normal 
Subjects on a Vitamin A Low Diet 


vitamin A values could be lowered and whether 
there were concomitant physiological symptoms. 
The diet given was a standard vitamin A-deficient 
diet and was calculated to furnish 296 Inter- 
national Units of vitamin A per day. M. M. and 
A. C. remained on this diet for forty-two days and 
thirty-nine days, respectively. M. M. then re- 
turned to her regular diet during the period of 
administration of vitamin A concentrates. Dur- 
ing this time plasma analyses for carotene and 
vitamin A were made at regular intervals. These 
values are given in Figure 2. 

It is interesting to note the steady decline in 
carotene level until definitely subnormal concen- 
trations were reached in both cases. The vitamin 
A, on the other hand, was lowered only a small 
amount and, at the end of the depletion period, 
was still well within the normal range. In the 
case of M. M., the vitamin A supplement (100,- 
000 International Units as cod liver oil for four 
days) caused an immediate elevation in vitamin 


A, reaching a super-normal concentration (70. 
mgm. per 100 cc.) on the third day, then quick y 
falling to within the normal range. Due to the 
return to a normal diet, carotene was restored to 
a normal value in two days. A falling carotene 
blood level appears to be the first sign of an nn 
pending vitamin A deficiency. Since food is t ie 
principle source of carotene for the blood, whereas 
the vitamin A concentrations may be maintaine 
either from the diet or the liver stores, this wou 
be expected. In contrast to Steininger ct al ( h 
who found that the concentration of vitamin A 
the blood fell markedly even during the first wee ' 
on a depletion diet, in the present investigation 
the concentration was not lowered significantly y 
forty days on the special diet If the values o 
tained for vitamin A in the blood are interprete 
in the light of our rat studies (3), they sugges 
that the liver still had a plentiful store of vitamin 
A. Even if a drop in the blood level had m 
cated serious impairment to the liver stores, con 
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siderable time might elapse before physiological 
symptoms associated with avitaminosis A would 
assert themselves. 

Biophotometric readings according to the Jeans 
(7) technique were carried out during the course 
of depletion of M. M. and A. C., and also on vari- 
ous of our diabetic subjects. These data are not 
included in this paper because results were so vari- 
able that it was impossible to draw any conclu- 
sions from them. In addition, the reliability of 
biophotometric data has been widely criticized (9, 
10, 11). Hecht and Mandelbaum (10), using a 
different technique, by which they measured both 
rod and cone adaptation, state that measurements 
of dark adaptation, when made under critically 
standardized conditions, may be used as an aid in 
the diagnosis of avitaminosis A. Steininger and 
Roberts (11, 12), using the Jeans technique, have 
concluded that, although there is a relationship 
between vitamin A deficiency and biophotometer 
readings, it is not close enough to detect subclinical 
deficiencies. In addition, they were unable to find 
any correlation between the biophotometer read- 
ings and the concentrations of vitamin A in the 
blood. Since it is still a controversial subject, we 
felt that our data would have little significance. 

It seems evident that the vitamin A plasma 
concentration is altered only in extreme cases of 
vitamin deficiency. The depletion period for the 
two subjects just discussed was not long enough 
to reach this critically low level of vitamin A. 
The diabetic group showed that the disease did 
not at all affect normal vitamin A concentrations 
in the blood. However, there is some disturbance 
in carotene metabolism in diabetes, since many of 
our patients had clinical carotenemia, as evidenced 
by yellow pigment deposits, especially in the palms 
of the hands. Our evidence leads us to conclude 
that it is not necessarily an impairment of the 
mechanism that converts carotene to vitamin A. 

SUMMARY 

1. The normal blood plasma concentrations for 
carotene and vitamin A, determined according to 
the method of Kimble, were found to be 100 to 368 
micrograms per 100 cc. for carotene and 20.0 to 
43.0 micrograms per 100 cc. for vitamin A. 

2. Blood plasma concentrations were deter- 
mined in patients with diabetes mellitus. The 


average carotene concentration for the diabetic 
group was significantly higher than for the normal 
group, while the vitamin A concentrations were 
the same. 

3. Carotene tolerance curves were run on three 
normal and on three diabetic subjects. There was 
no delay in the fall of the carotene concentrations 
attained in the diabetic subjects after the adminis- 
tration of 80 milligrams (130,000 International 
Units) of carotene. This may be an indication 
that the carotenemia observed in diabetics is not 
due to the failure of conversion of carotene to 
vitamin A. 

4. Two normal subjects were depleted for 
forty-two and thirty-nine days. One was given 
vitamin A concentrate. During this time records 
were kept of the blood plasma concentration for 
carotene and vitamin A. The carotene fell to 
subnormal levels but the vitamin A was not ap- 
preciably changed. 

The authors wish to thank Doctor Arthur C. Curtis for 
his many helpful suggestions and criticisms throughout 
this study. 
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There has been increasing interest in the use of 
gold salts in the treatment of arthritis since the 
favorable report of Forestier (1) in 1929. Nu- 
merous reports from various parts of the world 
emphasize the value of this form of treatment, 
especially for rheumatoid arthritis; in many in- 
stances it is stated that gold therapy has been 
found more beneficial than any other treatment. 
In the United States this treatment has become 
popular only in the past three years, stimulated 
largely by the endorsement of Key (2). 

In 1938 we began a critical clinical study of this 
form of therapy in cases of typical rheumatoid 
arthritis, using gold sodium thiomalate (myochry- 
sine) and gold sodium thiosulfate. At the end 
of a year’s trial, our experience led us to the 
following temporary conclusions : (1) gold therapy 
is definitely beneficial to some but not all patients 
with rheumatoid arthritis during the active in- 
flammatory stage of the disease and (2) the treat- 
ment frequently produces toxic reactions, many 
of which may be serious. We were convinced 
of the potential value of this form of therapy, and 
equally convinced that this method of treatment 
was quite unsatisfactory in its existent state. 

Treatment of arthritis with gold salts originated 
and to date largely remains on an empirical basis. 
We have been unable to discover any scientific 
basis (i) for the selection of the various gold 
salts commonly used, (2) for the popularity of 
the parenteral route of administration, (J) for 
determining the size of the individual doses and 
the total amount of the drug which will be given, 
and ( 4 ) for deciding upon the interval between 

1 The Rackham Arthritis Research Unit is supported 
by the Horace H. Rackham School of Graduate Studies 
of the University of Michigan. 


doses and courses of treatment. Clinical experi- 
ence has led to certain preferences, many of which 
are conflicting. The method of action of gold 
salts to produce benefit or toxic reactions is not 
known. The literature contains very little infor- 
mation concerning the metabolism of gold or the 
fate of this element when administered in the 
treatment of arthritis. Methods employed in the 
previous studies of this subject are for the most 
part non-specific and lack sufficient sensitivity to 
give reliable results. 

For these reasons, we began an intensive study 
of this problem with the belief that information 
could be obtained on the basis of which the value 
and limitations of gold therapy might be clearly 
defined; if the value of gold therapy was upheld, 
it was hoped that the administration of prepara- 
tions of gold now available, or others that might 
be developed, could be put on a scientific basis so 
that by adequate laboratory control maximum 
benefit would be accomplished and toxic reactions 
would be avoided entirely or minimized. 

We adopted the premise that the effects of gold 
salts are due to gold contained in the molecule. 
Our purpose was to determine the fate of gold 
administered in different ways in the treatment 
of patients with rheumatoid arthritis. In this first 
report results obtained with the use of gold so- 
dium thiomalate, 2 gold sodium thiosulfate, 3 and 
colloidal gold sulfide 4 will be presented. The 
first two preparations, which are solutions of crys- 
talline gold salts, were investigated because they 

- Myochrysinc, marketed by Merck & Co., Rahway, 
New Jersey. 

3 Supplied for this study by G, D. Searle & Company, 
Chicago, Illinois. 

4 Aurol-Sulfidc, supplied for this study by Hille Labo- 
ratories, Chicago, Illinois. 
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are used more extensively than other gold com- 
pounds in this country; colloidal gold sulfide was 
studied in order to compare the behavior of a col- 
loidal suspension of a gold salt with the solutions 
of crystalline gold compounds, and also because it 
could be administered orally, intravenously or 
intramuscularly. 

METHODS 

Patients who had typical rheumatoid arthritis with ac- 
tive joint synovitis were studied during treatment and 
for many months following treatment In most instances 
gold sodium thiomalate, gold sodium thiosulfate and col- 
loidal gold sulfide were injected intramuscularly ; in some 
cases colloidal gold sulfide was administered orally en- 
tirely, in other cases it was given orally and also intra- 
muscularly. Injections were made weekly except in rare 
instances when they were at five-day intervals. Salicy- 
lates and, in some cases, small doses of vitamins C and 
D and hypnotics were the only other drugs used during 
these investigations. 

In some patients extensive, continuous metabolism 
studies were conducted similar to those commonly em- 
ployed in the study of calcium and phosphorus. During 
the period of administration of increasing doses of the 
drug, and for two or three weeks after a fixed weekly 
dose was given, twenty-four hourly collections of urine 
were analyzed for gold by the method of Block and 
Buchanan (3). Creatinine determinations were made by 
the method of Folin (4) to check the complete collection 
of urine. The content of gold was determined in venous 
blood plasma obtained at the same time in the morning, 
usually daily. (Fecal gold was not determined during 
the investigation reported in this communication.) 

In many other patients, twenty-four hourly collections 
of urine and samples of venous blood were analyzed for 
gold at intervals during and after treatment with gold 
salts. Gold analyses were made of knee joint fluid and 
blood obtained simultaneously from some patients. Often 
plasma and urine gold values were determined previous 
to administration, and at one, two, four, six and twenty- 
four hours after giving a gold salt (a method similar to 
a glucose tolerance test) in order to learn the speed of 
absorption of gold from intramuscular depots or the 
intestinal tract, and the resultant urinary excretion of 
gold. 

The gold content of the compounds used during this 
study was frequently determined. 

Since the amount of gold employed is small, the ana- 
lytical method must be extremely sensitive, specific, and 
accurate. Among the available methods for gold analy- 
sis, we found none which was sufficiently specific and 
sensitive to be employed satisfactorily in the analysis of 
biological fluids and tissue. A photoelectric colorimetric 
micromethod was devised by Block and Buchanan (3) 
specifically for this work; this procedure has been highly 
satisfactory and has been employed in all of our 
investigations. 


RESULTS 

Samples of blood and urine obtained from pa- 
tients who were not treated with gold compounds, 
and from normal control subjects, never contained 
gold by our method of analysis. Since all the 
gold in blood was found to be present in the 
plasma, all analyses were made on plasma and are 
reported in terms of plasma concentration. 

TABLE i 


The gold present in plasma and synovial fluid obtained 
simultaneously from patients treated with gold sodium thioma- 
late and colloidal gold sulfide intramuscularly 


Patient 

Preparation 

Weekly 
intake 
of gold 

Gold 

in 

plasma 

Gold in 
synovial 
fluid 

T. W. 

Gold sodium thiomalate intramuscularly 
(Myochrysine) 

mgm. 

12.5 

mgm. 
per cent 
0.03 
0.33 

mgm. 
per cent 

0 

0 

K. N. 

Gold sodium thiomalate intramuscularly 
(Myochrysine) 

25 

0.42* 

0.43* 

F.M 

Gold sodium thiomalate intramuscularly 
(Myochrysine) 

25 

0.16 

0.59* 

0.11 

0.15* 

L. W. 

Gold sodium thiomalate intramuscularly 
(Myochrysine) 

50 

0.25 

0,24 

0. J. 

Gold sodium thiomalate intramuscularly 
(Myochrysine) 

50 

0.0 7t 

Of 

C. K. 

Colloidal gold sulfide intramuscularly 

15 

0.07 

0.19* 

0 

0* 




0 

0.20* 

0 

0.21* 

s. c. 

Colloidal gold sulfide intramuscularly 

43 

0.18 

o.os 

0.11 

0.03 

F. S. 

Colloidal gold sulfide intramuscularly 

60 

0.04 

0.05 


* Four hours after injection, 
f Ten months after last injection. 


Results obtained in subject M. B. (Figure 1) 
are characteristic of those obtained in three other 
persons treated with gold sodium thiomalate and 
given increasing amounts supplying from 10 to 50 
mgm. of gold, until 500 mgm. of gold had been 
administered. It should be particularly noted 
that, throughout this study, dosage is referred to 
in terms of the gold and not the quantity of th c 
gold salt; in this way the gold administered in the 
different drugs can be readily compared. 5 

Gold was found in the blood in increasing 
amounts as the amount of gold injected increased. 
Between injections, the daily plasma values^ flue 
tuated somewhat but, in general, after each injec 

c The dose of the drug can be readily computed, gold 
sodium thiomalate is 50 per cent gold by weight, go 
sodium thiosulfate is 37 per cent gold, and colloi a go 
sulfide is 87 per cent gold. 
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GOLD IN PLASMA AND URINE 



Fig. L Plasma Concentration and the Excretion of Gold in the Urine of a Patient With 
Rheumatoid Arthritis Treated With Gold Sodium Thiomalate (Myochrysine) Injected In- 
tramuscularly at Weekly Intervals 

Increasing doses were employed until two doses containing 50 mgm. of gold were given ; there- 
after, 25 mgm. of gold were injected. 


tion the plasma gold concentration increased and 
either remained at this higher level or decreased 
slightly until the next injection was given. The 
plasma concentration after the first injection of 
50 mgm. of gold (between the twenty-first and 
twenty-eighth days) averaged about 0.8 mgm. per 
cent. Subsequently, after weekly injections of 25 
mgm. of gold, the average plasma content was 
less ; it did not increase as more gold was admin- 
istered. Similarly, the excretion of gold in the 
urine increased as larger amounts of gold were 
injected; the increased excretion, however, was 
not directly proportional to the increased admin- 
istration of gold. Although fecal analyses were 
not done in the study of this patient, in others 
we have found that the urine is the chief route of 
' excretion of gold administered in this compound. 
Thus it is seen that gold is being retained in the 


body in increasing amounts as the size of the 
injection is increased. This apparent retention of 
gold is of important magnitude; for instance, after 
50 mgm. of gold were injected on the twenty-first 
day, an average of only I mgm. was excreted daily 
during the following week, so that only 7 mgm. 
of the 50 mgm. of gold injected (14 per cent) 
were eliminated in the urine before another 50 
mgm. were injected on the twenty-eighth day. 
Thus one needs to account for the remaining 86 
per cent of gold. In this connection, the finding 
of significant plasma concentrations and continued 
urinary excretion of gold long after its adminis- 
tration ceased, as will be demonstrated later (Fig- 
ures 7 and 8), is extremely interesting. The ex- 
cretion of gold did not increase after the amount 
of gold injected was no longer increased ; the ex- 
cretion was definitely less after the weekly dose of 
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Fig. 2. Plasma Concentration and Excretion of Gold in the Urine of a Patient With 
Rheumatoid Arthritis Treated With Gold Sodium Thiosulfate, Injected Intramuscularly 
at Weekly Intervals 

Increasing doses were employed until the dose contained 50 mgm. of gold, at which level it re- 
mained throughout the remainder of the study. 


gold was reduced to 25 mgm. (Compare sixty- 
first to sixty-fifth days with twenty-first to thirty- 
third days.) Without exception the excretion of 
gold was much greater on the day of injection 
than on other days. These high urine values on 
the day of injection were quite likely the result 
of the quick rise in plasma concentration after 
injection (Figure 4) ; however, the excretion de- 
creases more quickly and to a greater degree than 
does the plasma gold content. 

Findings in the case of A. D. (Figure 2) are 
characteristic of the results obtained when gold 
sodium thiosulfate was given in precisely the same 
way and in doses providing equivalent amounts 
of gold, except that after the dose was increased 
to an amount containing 50 mgm. of gold it was 
kept at this level thereafter. In general, the 
plasma and urine gold values are strikingly similar 
to those obtained with gold sodium thiomalate. 
The urinary excretion of gold on the day of injec- 
tion was greater than on subsequent days, but usu- 


ally less than occurred when gold sodium thioi 
late was administered. With this drug, as v 
gold sodium thiomalate, the plasma and ut 
values did not increase after the weekly dose 1 
no longer increased, even though gold was be 
retained throughout the course of treatment. 

Results obtained with colloidal gold sulfide w 
exceedingly variable. Findings in M. R-, the 
patient studied extensively while this drug 1 
employed, appear in Figure 3. Colloidal g 
sulfide was administered daily in amounts pro\ 
ing 182 mgm. of gold per week, which was m 
more than was given either as gold sodium t 
malate or as gold sodium thiosulfate. This pa < 
absorbed gold both from the intestinal tract : 
from muscle depots when it was administere 
this colloidal form. The concentration of golc 
blood obtained usually every day (before « 
ment was given that day ) varied somew lat t 
day to day ; the average was slightly higher w 
it was given orally three times a day than v. 
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Fic. 3. Plasma and Urine Values in a Patient with Rheumatoid Arthritis Treated with Colloidal 

Gold Sulfide 

During the first sixteen days 8.7 mgm. of gold were given orally three times daily; from the seventeenth through 
the twenty-seventh day the drug was given orally in a single morning dose equivalent to the total daily dose during 
the previous period; beginning with the twenty-eighth day this same daily dose was injected intramuscularly. 


it was given in a single morning dose. There was 
no difference in plasma concentration whether the 
drug was ingested or injected. Except for the 
first few days when the urine content was unex- 
plainably higher, the average excretion of gold in 
urine was about 1 mgm. daily. Thus with a 
larger intake of gold given as colloidal gold sul- 
fide, the gold concentration of the plasma was 
significantly lower and the excretion of gold was 
about the same as when only 50 mgm, of gold 
were injected intramuscularly as a true aqueous 
solution of either gold sodium thiomalate or gold 
sodium thiosulfate. A significant blood and urine 
content of gold existed for six weeks after the 
last administration of gold sulfide. The studies 
ceased at this time; how much longer gold would 
have been found in the blood and urine of this 
patient we do not know. 

It should be emphasized that the findings in this 
patient (M. R.) are not characteristic of others 
treated with colloidal gold sulfide, but rather the 
exception, in that both the plasma and urine con- 
tent of gold was much higher in this patient than 
in most others studied. This will be emphasized 
again when average values obtained with different 
gold compounds are contrasted (Table II). The 
findings in this case (M. R.) show that some 


persons do absorb gold from the intestinal tract 
and from muscle depots when colloidal gold sul- 
fide is administered. In some patients similarly 
treated no gold was found in the blood or urine; 
in most subjects studied there was considerable 
variation in the values, but with rare exceptions 
the values in both blood and urine were much 
lower than were found in M, R. 

table ii 

The average plasma and urine gold values obtained from 
analyses of many specimens from many different patients 
during the latter part of treatment with gold sodium thioma - 
late , gold sodium thiosulfate and colloidal gold sulfide. 

The^ values for the combined oral and intramuscular 
administration of gold sulfide are averages of analyses in 
only one patient. 






Gold in 



Average 


urine 

Preparation 

Route of administration 

weekly 

intake 

Gold 

in 

(twenty- 

four 



of 

plasma 

hourly 



gold 


excre- 





tion) 

Gold sodium thiomalate 
(Myoebrysine) 

Intramuscularly 

mgm. 

50 

25 

mgm. 
per cent 
0.44 
0.33 

mgm. 

0.75 

0.63 



12.5 

0.26 

0.23 

Gold sodium thiosulfate 

Intramuscularly 

37.4 

0.45 

0.98 

i 


19 

0.28 

0.43 

Colloidal gold sulfide J 

Orally 

60 

0.07 

0.21 


Orally and intramuscularly 

140 

0.01 

0 


Intramuscularly 

43 

0.1S 

0.18 
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Fig. 4. Plasma Content of Gold Before the Intramuscular Injection of Gold Sodium Thiomalate 
and One, Two, Four, Six and Twenty-four Hours After; and Gold Content of the Urine Formed Be- 
tween the Time of the Blood Analyses 

The vertical lines extending through the graph indicate the time of injection. The plasma values just pre- 
ceding each line represent the blood gold concentrations just before each injection. Urine values for periods 
longer than one hour are average hourly values determined from urine accumulating between times of plasma 
determinations. Only the days of injection are shown; the intervening six-day periods are indicated by inter- 
ruptions in the base lines. On the ninety-eighth day no gold salt was injected but the plasma and urine were 
analyzed as on previous injection days. 


Information concerning the absorption into the 
blood stream, disappearance from the blood, and 
the urinary excretion of gold was obtained by 
analyses of plasma and urine during the first few 
hours after administration of a gold salt. In 
Figures 4, 5, and 6 are the results of such studies 
made in the same patients whose daily findings 
appear in Figures 1, 2 and 3. In every instance, 
one hour after the injection of gold sodium thio- 
malate (Figure 4) the plasma contained a much 
greater amount of gold than was present just 
before injection, and the plasma content was 
higher as the amount of gold injected was in- 
creased. Subsequent analyses during the twenty- 
four-hour period showed plasma values essentially 
the same as obtained one hour after injection. 
Thus there was no quick fall in plasma gold con- 
tent after the intramuscular injection of gold so- 
dium thiomalate. The urine formed during the 
first hour after injection usually contained more 


gold than in subsequent hours. There was little 
correlation between urine and plasma values; for 
example, on the twenty-first and also on the 
twenty-eighth day the urinary excretion of gold 
decreased during the twenty-four-hour period 
after injection, while the plasma values remained 
almost constant. 

Results obtained with gold sodium thiosulfate 
(Figure 5) were almost identical to those found 
with gold sodium thiomalate, except that the urine 
values were smaller and the excretion was slower. 

The plasma contained different amounts of gold 
at different hours in a twenty-four-hour perio 
when colloidal gold sulfide was given orally in 
equal doses three times daily (Figure 6). This 
may have been the result of an inconstant rate o 
absorption from the intestinal tract or an incon- 
stant rate of removal from the blood. On th e 
days when gold sulfide was given in a sing e 
morning dose, the plasma content was more con 
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Fig. 5. Plasma Content of Gold Before the Intramuscular Injection of Gold Sodium 
Thiosulfate, and One, Two, Four, Six and Twenty-four Hours After; and the Gold Con- 
tent of the Urine Formed Between the Time of Blood Analyses 


The injections are indicated by the vertical lines extending through the graph. Plasma values 
shown just before these lines represent the blood gold concentration just before the injections. 
Urine values for periods longer than one hour are average hourly values. 


stant; there was no significant difference whether 
the salt was given orally or intramuscularly. Ex- 
cretion of gold was greater during the first two 
hours after administration than subsequently. 
Again it must be emphasized that the findings in 
this case are vot characteristic of others treated 
with this preparation of gold, most of whom had 
much lower plasma and urine values. 

Comparison of plasma and synovial fluid gold 
content of specimens obtained simultaneously can 
be made from the data in Table I. In some pa- 
tients plasma and synovial fluid values were almost 
identical, in others the joint fluid contained less 
gold than did the plasma, in still others no gold 
was found in the synovial fluid. Gold quickly 
diffused into the joint space in some instances, as 
results indicate in K. N. and the last value ob- 
tained in C. K. (In each case analyses were made 
four hours after an injection of gold.) This was 
not true in other cases. The presence of a small 
amount of gold in plasma and none in the joint 


fluid of O. J. ten months after the administration 
of gold ceased indicates that gold did not remain 
in synovial fluid longer than in the plasma. Syno- 
vial fluid concentration was never significantly 
higher than the plasma concentration. Differ- 
ences in synovial fluid gold content, as compared 
to plasma content, observed in different patients 
may very well be due to structural variation and 
permeability in synovium and joint capsule as a 
result of differences in degree of inflammation 
and duration of the disease. 

The three gold salts employed in this inves- 
tigation can be compared further by studying the 
average values of many analyses of blood and 
urine obtained to date from many different pa- 
tients during the latter part of a course of treat- 
ment (Table II ). 6 Plasma and urine values were 
higher when larger amounts of gold were admin- 

6 As more data are accumulated with subsequent study, 
these averages may change. 



408 


R. H. FREYBERG, WALTER D. BLOCK, AND S. LEVEY 
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Fig. 6. Plasma Concentration of Gold Determined at Short Intervals 
After the Oral and Intramuscular Administration of Colloidal Gold 
Sulfide 


On the eighteenth day three equal doses, each supplying 8.7 mgm. of gold, 
were given orally ; on the nineteenth and twenty-eighth days 26.1 mgm. of gold 
were given in a single morning dose orally, and on the thirty-eighth day, the 
same dose was injected intramuscularly. Urine values for periods longer than 
one hour are hourly averages. 


istered either as gold sodium thiomalate or gold 
sodium thiosulfate, but they were not proportional 
to the weekly intake of gold. Average plasma and 
urine values were comparable when similar 
amounts of gold were given as the sodium thioma- 
late or sodium thiosulfate salt (both crystalline). 
These data also show the small amount of gold 
that was eliminated in the urine during the period 
of administration of these salts. Very different 
results were obtained with colloidal gold sulfide; 
the average values in plasma and urine were very 
small, even though much more gold was given than 
when the crystalline preparations were used. The 
route of administration of the gold sulfide was 
not a significant factor. 

One of the most important results of this inves- 
tigation was the finding of significant amounts of 


gold in the blood and urine for a long time after 
the administration of gold salts had ceased. A 
typical example of this appears in Figure 7. This 
patient was treated with gold sodium thiomalate 
in the manner commonly employed, i.e., she was 
given intramuscular injections of this drug b e ' 
ginning with an amount which contained 10 mgm. 
of gold and increased until 50 mgm. of gold were 
injected. This dose was given weekly until the 
patient had received over 500 mgm. of gold (101 
mgm. of the drug). Plasma contained gold each 
time an analysis was made throughout the first 
thirteen weeks after the last injection, and tic 
urine contained gold for sixteen weeks after treat 
ment stopped. Similar results were always o 
tained in the many patients studied. 

The length of time gold was found in plasma 
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GOLD IN BLOOD AND URINE AFTER TREATMENT 
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Fig. 7. Showing the Long Period After Treatment with Gold Sodium 
Thiomalate (Myochrysine) During Which Gold Was Found in Significant 
Amounts in Plasma and Twenty-four Hourly Urine Collections 
After initial increasing doses of the drug, 50 mgm. of gold (100 mgm. of the 
salt) were injected at weekly intervals until 1010 mgm. of the salt had been given. 
The last two injections and the corresponding plasma and urine values are shown. 


is correlated with the size of the weekly doses of 
gold sodium thiomalate in Figure 8. In the case 
of those patients who received 50 mgm. of gold 
weekly, the earliest the urine was found to con- 
tain no gold was six months after the last injec- 
tion. Some patients were excreting gold seven, 
nine, and ten months after treatment ended. The 
urine of three patients given weekly injections 
of 25 mgm. of gold was negative three months 
after the last injection. One of two patients who 
received 12.5 mgm. of gold weekly until 160 mgm. 
had been given excreted no gold in the urine one 
month after the last injection. Although these 
observations are not completed, these data indicate 
that the excretion of gold continues for a long 
time after administration of gold is stopped, and 
that the length of time is approximately propor- 
tional to the size of the weekly dose. It seems 
\cryr significant, too, that five of the six persons 
who received large weekly doses of gold (Figure 


8) had significant toxic reactions (lingering gen- 
eralized exfoliative dermatitis, nephritis, stomatitis 
and gastrointestinal difficulties). None of the 
eight who received 25 mgm. of gold weekly had 
any evident toxic reaction to gold ; one of the two 
patients receiving the smallest dose had purpura 
which disappeared ten days after the drug was 
stopped. Hence, serious toxicity seems to be de- 
finitely related to the amount of gold injected and 
the speed of administration. 

The results of plasma analyses were similar to 
the findings shown in Figure 8, indicating that 
gold circulates in the body for a long time after 
its administration is stopped. 




The data of this report are only the first results 
of an mvestigatton of the metabolism, excretion 
oxicity o gold in relation to its use in the 
treatment of rheumatoid arthritis. Consequently, 
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TOTAL 

GOLD 

MG. 



MONTHS ’AFTER LAST INJECTION 


Fig. 8. Showing the Length of Time After Treatment With Gold Sodium 
Thiomalate That Gold Was Found in Urine, Correlated With the Size 
of the Weekly Dose 

Each line represents a different patient and is extended to the time of the last 
analysis showing gold. When an analysis showed no gold, a zero is placed at 
the time that the analysis was made. An asterisk represents a significant toxic 
reaction to gold. 


few conclusions can be drawn; at the same time 
these results indicate the nature of some interest- 
ing and valuable information which will undoubt- 
edly be obtained as the investigation proceeds. 
Already certain facts are evident, and similarities 
of some gold medications and differences in others 
are clearly shown. 

Gold sodium thiomalate and gold sodium thio- 
sulfate are crystalline compounds which have 
similar solubilities and physical properties, and the 
metabolism of gold when injected intramuscularly 
in an aqueous solution of either of these two salts 
is similar . 7 The plasma and urine gold values are 
much alike for each of these salts and, although 
variations occur, the results are much more uni- 

7 Animal investigations now being conducted further 
emphasize the similarities in the metabolism of these two 
gold salts. 


form than are obtained with colloidal gold sulfi e - 
The lower values commonly found after die ora 
and intramuscular administration of colloid go 
sulfide may be due to slower or less complete a 
sorption into the blood. They may, however, e 
the result of very quick removal of gold from t ie 
blood and its fixation in certain tissue. We arc 
at present studying the effects of the intraVM° lls 
injection of this colloidal gold salt. These inves 
tigations correlated with animal studies that are 
in progress are expected to add much information- 
The lower toxicity reported for this colloidal go 
preparation (which we are observing) seems qt» c 
clearly to be related to the lower blood gold con 
centration and lower urinary excretion of go 
given in this form. Similarly, if benefit from t m 
preparation depends upon the circulation of a ob- 
tain minimal amount of gold for a minimal lengt 
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of time, therapeutic failures are to be expected in 
those persons whose plasma gold values are very 
small or zero. These problems are being inves- 
tigated further. 

The retention of gold during treatment and the 
prolonged excretion of gold after the intramuscu- 
lar injection of gold sodium thiomalate and gold 
sodium thiosulfate readily explain the slowly de- 
veloping, but long-maintained apparent benefit of 
gold therapy commonly observed. Similarly, toxic 
reactions usually reflected as damage to the skin, 
kidneys, liver and intestinal tract, which so often 
appear late in the course of treatment or even 
follow treatment by the conventional method of 
injecting these salts at weekly intervals in amounts 
providing 50 mgm. or more of gold , seem, in the 
light of our results thus far, to be due to the 
increasing retention of gold until it accumulates 
in amounts sufficient to damage these tissues. 
When such large doses of gold are given at fre- 
quent intervals, significant retention of gold may 
result due to its slow excretion, so that for many 
weeks its damaging effects continue, thus causing 
serious illness which may end fatally. 

The toxic reactions to gold which we have en- 
countered to date are of at least two kinds. Most 
commonly, reactions have occurred late in the 
course of treatment ; these develop slowly and per- 
sist for many weeks. These toxic reactions are 
manifested chiefly as generalized dermatitis which 
sometimes becomes exfoliative ; in fewer instances, 
they are manifested as nephritis. Thus far we 
have encountered such reactions only in patients 
who received many large weekly doses of gold 
(approximately 50 mgm.). It is our opinion that 
such reactions result from protoplasmic poisoning 
effects of accumulated amounts of gold and we 
believe they can be eliminated, or at least short- 
ened in duration, by avoiding large, frequent doses 
and thus preventing a large retention of gold. 
Another type of reaction, which has been observed 
to occur shortly after an injection of the drug 
(not necessarily a large dose), is manifested as 
apprehension, headache, flushed face and tightness 
m the throat, or as a purpuric dermatitis due to 
capillary damage. Such reactions are less com- 
mon; they occur usually early in the course of 
treatment, and appear to be manifestations of true 
drug sensitivity and not due to protoplasmic, heavy 
metal poisoning. Prevention of such reactions 


will quite naturally depend on measures unrelated 
to metabolic and excretory considerations. 

In these studies, gold salts were given parenter- 
ally only by intramuscular injection. The blood 
concentration of gold will naturally depend upon 
the balance between the speed and duration of ab- 
sorption of gold into the circulation and the rate 
of its removal from the blood into the tissues or 
for excretion. Gold is absorbed and found in the 
blood soon after intramuscular injection; for how 
long absorption from muscle depots continues and 
how completely, these studies do not indicate. 
The importance of the absorption of gold is being 
investigated further in humans by studying intra- 
venously-injected gold preparations. Complete 
excretion studies are also being made, including 
daily analyses of feces for gold. Animal studies 
are being conducted to learn the sites of the depo- 
sition of gold in tissues. 

The manner in which gold salts might produce 
benefit, and the site of such action, are complete 
mysteries to us. One naturally wonders whether 
gold acts in some beneficial way at the inflamed 
joints. In this connection, it is interesting to note 
that gold was not concentrated in joint fluid nor 
did it remain in synovial fluid after it had disap- 
peared from the blood. 

If gold might be therapeutically effective when 
it is present in sufficient amounts in an active form 
in the body, and if it acts as a poison when present 
in excess of a certain amount, it seems reasonable 
that the quantitative determination of gold in 
plasma or in the urine might serve to regulate dos- 
age and indicate the method of administration 
which would effect dependable and safe therapy. 
We are therefore studying this question with 
great interest, but much more data than are now 
available are required to prove or disprove this 
possibility. 

SUMMARY AND CONCLUSIONS 

An investigation of the metabolism, excretion, 
toxicity and manner of action of gold used in the 
treatment of rheumatoid arthritis is being con- 
ducted. In this communication, data concerning 
plasma and synovial fluid concentration of gold 
and the excretion of gold in the urine of patients 
treated with gold sodium thiomalate (myochry- 
sine), gold sodium thiosulfate and colloidal gold 
sulfide are reported and their significance is das- 
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cussed. Although the studies are as yet incom- 
plete, the following tentative conclusions are 
warranted. 

Following the intramuscular or the oral admin- 
istration of these gold salts, gold absorbed into the 
blood stream is transported in the plasma. 

Gold sodium thiomalate and gold sodium thio- 
sulfate injected intramuscularly in amounts sup- 
plying equivalent amounts of gold result in similar 
plasma gold concentrations and urinary excretion 
of gold; and the plasma and urine gold values 
vary with the size of the weekly dose but are not 
directly proportional to it. When colloidal gold 
sulfide is administered either orally or intramuscu- 
larly, the plasma and urine values vary greatly in 
different patients; some persons absorb gold and 
have plasma and urinary values comparable to 
those obtained with the other salts studied, but 
most patients have very low plasma gold concen- 
trations and excrete little gold in the urine, even 
though colloidal gold sulfide is given in amounts 
providing much more gold than is supplied in the 
crystalline salts of gold studied. In some persons 
no gold was found in plasma or urine after col- 
loidal gold sulfide was given in large amounts. 

Gold is eliminated in the urine very slowly. 
Blood and urine contain gold in significant 
amounts for a long time after administration of 
gold; the length of time corresponds approxi- 
mately to the size of the weekly dose of gold. 

Toxic reactions were much more frequent in 
patients receiving larger weekly injections of gold 


sodium thiomalate or gold sodium thiosulfate. 
Considering this fact in the light of the metabo- 
lism data, it would appear that many toxic reac- 
tions result from retention of gold in amounts 
sufficient to poison the patient and that such tox- 
icity can be prevented by giving smaller doses of 
gold. Our experience to date indicates that thera- 
peutic results are quite as good with smaller doses 
of these gold salts as with the conventional larger 
doses. 

Gold is not concentrated in synovial fluid ; it is 
present in joint fluid in an amount equivalent to 
or less than exists in plasma. 

It is hoped that with the further pursuit of these 
investigations gold therapy may be placed on a 
sound scientific basis and that, if its value is up- 
held, laboratory controlled methods of administra- 
tion may be developed so that this therapy will 
become dependable and safe. 
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AN ANALYSIS OF 60 HUMAN LIVERS 1 

By ELAINE P. RALLI, KARL PALEY, and SAUL H. RUBIN 

(From ihc Department of Medicine, Nciv York University, and the Third (New York 
University) Medical Division of Bellevue Hospital, New York City) 

(Received for publication April 4, 1941) 


The lipid distribution in normal human livers 
and in cases of cirrhosis and fatty infiltration of 
the liver was reported in a previous study (1). 
As a corollary to these observations, the livers of 
patients dying from other diseases were analyzed 
for their lipid content and distribution. The ques- 
tion as to whether diseases other than those di- 
rectly affecting the liver may alter the lipid content 
and its distribution in the liver is of interest be- 
cause the functions of the liver are so varied that 
it tends to be involved in almost any profound dis- 
turbance in the body. 

The clinical methods available for determining 
the function of the liver in relation to fat are 
limited. At present, the most satisfactory index 
of a lipid disturbance is the ratio of free to total 
cholesterol in the plasma. This is altered in cir- 
rhosis, fatty infiltration of the liver, and in par- 
enchymatous liver disease (2), but this ratio does 
not give information as to the total lipid content 
of the liver, or the other lipid fractions. 

The determinations that we aTe reporting were 
made to ascertain the changes that might occur 
in the liver lipids in diseases other than those di- 
rectly affecting the liver. These values are com- 
pared to the normal liver lipid values obtained by 
analysis from a group of 25 normal subjects re- 
ported in the previous study (1). The average 
total liver lipid for this group of normals was 
4.98 grams per 100 grams of wet liver. The 
range was from 2.42 to 8.41 grams per cent. The 
average fatty acids were 3.50 grams per cent, the 
average phospholipids 2.08 grams per cent, and 
t e average neutral fat 2.26 grams per cent; the 
average total cholesterol was 283 mgm. per cent 

and the average free cholesterol 204 mgm. per 
cent. 

Liver samples were obtained in almost all of 
the cases within 24 hours after death. As re- 

fcy * gmi ,ro " Mi ”— 


ported previously (1), the fraction which is most 
subject to change as a result of standing is the 
phospholipid fraction, which tends to decrease 
after about 5 hours. There seems to be no fur- 
ther decrease after 24 hours. Lipids and their 
fractions were done by the methods previously 
described from this laboratory (3). 

Samples of liver were obtained from patients 
dying of the following diseases: (1) Acute in- 
fections, such as meningitis, pneumonia, perito- 
nitis, and septicemia; (2) chronic infections, in- 
cluding tuberculosis, subacute bacterial endocar- 
ditis, syphilis and osteomyelitis; (5) malignancy; 
( 4 ) metabolic diseases; and (5) cardiovascular 
diseases. The diseases of 4 of the patients in the 
metabolic group were complicated by an acute 
infection (Numbers 3, 7, 54, 88), and 2 (Num- 
bers 10 and 92) cases in this group also had some 
form of heart disease. The liver values for these 
6 cases are entered in both pathological groups. 
The acute infections were subdivided into two 
groups, as 5 of these patients were diagnosed 
pathologically as having fatty infiltration or cir- 
rhosis of the liver, 

RESULTS 

In Table I are the findings in 21 cases in whom 
death was due to some acute infection. Of these 
21 cases, 16 had no evidence of cirrhosis or fatty 
infiltration of the liver. The average weight of 
the livers in this group was 1760 grams. The 
lowest weight was 1400 grams and the greatest 
was 2900 grams. The average total liver lipid 
was 4.72 grams per cent. In one liver the total 
lipid was 9 grams per cent, but in the majority 
of the group the total lipid was 5 grams per cent 
or less. The lowest lipid value in the group w T as 
2.3 grams per cent. The average phospholipid 
was 1.89 grams per cent and the average of the 
neutral fat was 2.41 grams per cent. The total 
cholesterol averaged 269 mgm. per cent. These 
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TABLE I 

Acute infectious zvith and without cirrhosis or fatty infiltration of the liver 


Number 

case 

Age 

Sex 

! 

Nutri- 
tion of 
patient 

Weight 

of 

liver 

Total 

lipid 

Unsa- 

poni- 

fied 

Fatty 

acid 

Cholesterol 

Phos- 

pho- 

lipids 

Neu- 

tral 

fat 

Pathological findings and diagnoses 

Free 

j Total 



j 

| 


grams 

grams 

Per 

cent 

grams 

per 

cent 

grains 

per 

cent 

m 

pet 

:gnu 
' cent 

grams 
j P& 

; cent 

1 grams 
per 
cent 



ACUTE INFECTIONS WITHOUT CIRRHOSIS OF THE LIVER 


1 

3 

50 

M 

Fair 

1770 

4.96 

0.62 

4.46 

189 

259 

1.65 

3.48 

Meningococcus meningitis, diabetes mellitus 

9 

65 | 

M 

Poor 

1650 

2.44 

0.80 

1.92 

231 

232 

1.11 

1.24 

Streptococcus hemolyticus endocarditis, 




Good 


7.00 







chronic passive congestion of liver 

19 

18 

F 

1780 

0.14 

5.51 


415 

3.61 

2.98. 

Staphylococcus aureus septicemia 

59 

32 

M 

Fair ■ 

1860 

4.51 

0.66 

3.16 


208 

1.75 

2.13 

Bronchopneumonia, tetanus, normal liver 

42 


M 

Good 

1750 

5.52 

0.60 

4.40 


298 

1.86 

3.29 

Lobar pneumonia 

51 

35 

M 

Good 

1800 

5.60 

0.65 

4.87 


210 

1.46 

4.10 

Post-operative peritonitis 

86 

40 

M 

1450 

9.05 

0.82 

7.33 





Pneumonia, normal liver 

54 

45 j 

F 

Obese 

2900 

3.39 

0.54 

2.26 


232 

1.87 

1.07 

Liver abscesses, enlarged liver, chronic chofe- 













cystitis 

29 

45 

M 


2050 

3.15 

0.72 

2.17 


263 

1.22 

1.46 

Staphylococcus aureus septicemia, abscesses 













and areas of infarction in liver 

23 

50 

M 

Poor 

2740 

3.63 

0.64 

2.70 


287 

2.80 

0.92 

Lobar pneumonia, CPC of liver 

88 

67 

F 

Obese 

1400 

3.92 

0.78 

2.69 





Bronchopneumonia, normal liver 

67 

50 

M 

Fair 

1640 

4.86 

0.69 

3.43 



2.08 

2.12 

Generalized peritonitis, rupture of ileum 

70 

50 

M 

Good 

1370 

4.75 

0.67 

3.59 



1.15 

2.93 

Pneumonia ... j 

93 

78 

M 

Fair 

1350 

3.48 

0.78 

2.08 





Lobar pneumonia, cardiac failure, normal 

18 

53 

M 

Good 

1440 

6.91 

0.71 

4.45 


287 

2.06 

3.20 

Purulent meningitis, fracture of skull, normal 













liver 

105 

71 

M 

Poor 

1300 

2.35 







Acute cystitis, purulent 

Average 

50 

i 



1760 

4.72 

0.65 

3.67 

210 

269 

1.89 

2.41 




ACUTE INFECTIONS WITH CIRRHOSIS OR FATTY INFILTRATION OF THE LIVER 


56 

35 

F 

Poor 

2450 j 

11.50 

0.84 

10.20 


337 

1.99 

9.28 

Streptococcus meningitis, fatty and cirrho i 













liver .. 

31 

38 

M 

Good 

1650 

7.68 

0.74 

6.72 


338 

1.80 

5.71 

Lobar pneumonia, cirrhosis of the hy eI \ 
Chronic alcoholism, lobar pneumonia, i > 

75 

41 

M 

Poor 

1910 

16.10 

0.39 

14.90 





58 

50 

M 

! 

Poor 

1950 

28.10 

1.00 

25.50 


389 

1.97 

25.30 

liver , { 3nr f 

Alcoholism, lobular pneumonia, fatty 
cirrhotic liver 

Lobular pneumonia, fatty liver, * a £ 

30 

65 

F ! 

Poor 

1170 

14.05 

0.97 

13.60 


238 

2.53 

12.50 



| 










disease 

Average 

43 

i 


1835 

15.48 

0.79 

14.18 


326 

2.07 

13.20 

— ■ 


figures are almost identical to the average of the 
values obtained in the 25 normal subjects. In the 
5 cases in whom there was cirrhosis or fatty in- 
filtration of the liver there was a definite increase 
in the total lipid and fatty acids. The average 
total liver lipid for the group was 15.48 grams per 
cent. The phospholipids were a trifle higher than 
in the other patients dying of acute infections, 
and the neutral fat was, of course, increased, since 
any increase in total lipid is due outstandingly to 
the increase in the neutral fat fraction. The aver- 
age of the total cholesterol was increased. 

These figures correspond with the liver lipid 
values obtained in the 25 alcoholic patients re- 


ported previously, with the exception that tie 
phospholipid fraction is somewhat higher in t ns 
group of 5 cases. Free cholesterol determinations 
were not done in these 5 cases but any increase in 
the total cholesterol is probably due to an increase 
in the esterified fraction. 

A report of the determinations on 10 ca ^ s 
dying of chronic infection is made in Table 
Of these, 3 had tuberculosis, 1 had a lung abscess, 
2 had endocarditis, 1 had a bronchiectasis, 1 | c 
of malaria, another of luetic heart disease, an 
of chronic cholecystitis. In 3 of the patients 
total lipid in the liver was increased. ne 0 
these was the case with lung abscess, and the ot i 
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TABLE II 

Chronic infections 


Number 

case 

Age 

Sex 

Nu- 

tri- 

tion 

of 

pa- 

tient 

Weight 

of 

liver 

Total 

lipid 

Unsa- 

poni- 

ficd 

Fatty 

acid 

Cholesterol 

Leci- 

thin 

Neu- 

tral 

fat 

Pathology of the liver and other disease processes 

Free 

Total 






grams 

grams 

grams 



grams 

grams 






grams 

per 

per 

per 


per 

per 







cent 

cent 

cent 


cent 

cent 


7 

57 

M 

Obese 

1440 

4.03 

1,06 

2.33 

294 

323 

1.43 

1.43 

Bronchiectasis, cerebral arteriosclerosis 

It 

62 

M 

Poor 

1370 

12.05 

1.32 

10.80 

221 

312 

0.87 

10.70 

Lung abscess 

36 

43 

M 

Poor 

2000 

3.24 

1.20 

2.29 1 


242 

1.77 

1.16 

Subacute bacterial endocarditis, aortic valvulitis 

73 ! 

41 ! 

M 

Good 


2.22 

0*1 

1.41 



1.16 

0.64 

Malaria, liver normal 

78 

El 

M 

Good 

2090 

3.43 

0.58 

2.50 1 





Chronic cholecystitis, emphysema, liver normal 

97 

27 

M 

Good 

1550 

4.44 

0.74 

2.96 1 





Luetic aortitis, liver normal 

82 

45 

M 

Good 

1720 

15.27 

0.58 

14.13 


265 



Chronic alcoholic, pulmonary tuberculosis, fatty liver 

84 

38 

M I 

Good i 

1850 

13 JO ! 

0.59 

11.91 





C L - 1 

95 

49 

M 

Poor 

2330 

3.43 ! 

0.65 

2.09 





C . *• ■ ■ ■ ■ . r er 

21 

23 

F 

Good 

1430 

3.59 

0.61 

2.06 



2.65 

0.28 

T ■ . ■ . , : * liver with peri- 













hepatitis 

Average 

41 



1760 

6.90 

0.76 

5.63 

258 

279 

1.98 

2J3 



2 were chronic alcoholics who had pulmonary tu- 
berculosis. In the remaining cases, the total lipid 
was lower than the average for the normal livers, 
being about 3 grams per cent in most of the cases. 
The 2 patients who were chronic alcoholics also 
had pulmonary tuberculosis* As it was noted in 
the previous study that an increase in liver lipid 
was found in the livers of patients with a history 
of chronic alcoholism, it is probable that tubercu- 
losis was not the cause of this increased lipid. 

There were 7 patients dying with some form 
of malignancy (Table III). One of the cases, 
a patient with lymphosarcoma and metastatic 
nodules in the liver, had a total liver lipid of 15 
grams per cent. It is interesting that most of 
these patients, several of whom had metastatic in- 
volvement of the liver, showed no change in the 
lipid content of the liver or its distribution. In 2 
of the cases the total lipid values were somewhat 
lower than the usual normal values. 


Table IV gives the observations on 12 patients 
with some metabolic disturbance. Three of these 
patients had diabetes, 8 were obese and had some 
other disease process, and 1 was a patient with 
Paget's disease of the bone. Interestingly enough, 
none of the diabetic patients had an increase in the 
total liver lipid. In 3 patients in this group the 
total liver lipids were elevated. Of these, 1 was 
the patient with Paget's disease, 1 was a patient 
with obesity, and 1 was a patient with coronary 
thrombosis and obesity. Four of the obese pa- 
tients were killed in accidents, and no other patho- 
logical changes were found. 

Table V presents the findings on 16 patients 
dying from some form of cardiovascular disease. 
Four of these had elevated total liver lipids; of 
these 4, 2 had coronary sclerosis (1 of whom in 
addition was an alcoholic), 1 had a coronary 
thrombosis, and 1 died of hypertensive heart dis- 
ease. The last subject was also obese. The aver- 


TABLE III 

Malignant diseases 


Number 

case 

Age 

Sex 

Nutri- 
tion 
of pa- 
tient 

Weight 

of 

liver 

Total 

lipid 

Unsa- 

potti- 

fied 

Fatty 

acid 

Cholesterol 

i 

Leci- 
thin 1 

Neu- 

tral 

fat 
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H 

Total 






promi 1 

gramt 

flTam* 

mgm. 1 

tnym.l 

grant 

eramt 






pranu 

Vrr ; 

per 

per 

per 

per 

per 

per ; 







cent 

cent 

cent 

cent 

cent 

cent 

cent 


14 

67 

F 

Poor 

920 

15.03 

1.27 

12*55 

253 

301 

1.79 

11.90 

Lymphosarcoma, metastatic nodules in the liver, fatty infiltration. 













early cirrhosis 

40 

59 

F 

Fair 

1800 

3.29 

0.62 

2.00 


273 

2.30 

0.51 

Leukemia with involvement of spleen, bone marrow, lymph nodes and Gw 

62 

5S 

M 

Poor 

1600 

3.22 

0.73 

2.02 



1.63 

0.95 

Carcinoma of stomach with metastases to ribs and apine 

64 ! 

45 

M 

Poor 

2250 1 

3.22 

M t]W* 

2.02 



2.27 

0,15 

Carcinoma of larynx with metastases to lungs and liver 

68 

83 

M 

Poor 

1120 

4.03 

0.74 

2JS 



2.44 

1.62 

Carcinoma with metastases to lungs and lymph nodes 

103 

55 

M 

Poor 

2550 

2.45 







Hypernephroma, no metastasis to liver 

109 

56 

M 

Good 

4000 

2.82 


2.14 


247 

1.04 

1.53 

Carcinoma of bladder with met aliases to Gver, ascites, jaundice 

Average 

60 




4.86 

0.82 

3.85 

253 

274 

1.91 
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TABLE IV 


Disease of metabolism 


Number 

case 

i 

Age 

1 

Sex 

i 

! 

Nutri- 

tion 

1 of pa- 
tient 

Weight 

of 

liver 

j 

Total j 
lipid j 

i 

Unsa- j 
poni- j 
fied j 

Fatty 1 
acid j 

Cholesterol 

Leci- 

thin 

Neu- 

tral 

fat 

Pathology of the liver and other disease processes 





| 



grams 

grams 

grams 

mgm. 

mgm. 

grams 

grams 






grams 

per 

per 

per 

per , 

per j 

per 

per 




j 



cent 

cent 

cent 

cent 

cent 

cent 

cent 


2 

56 

i f 

Poor 

1475 

3.59 

0.77 

2.16 

KX3 

253 

1.86 

0.97 

Diabetes mellitus, diabetio ketoBis, normal liver, cholelithiasis 

3 

50 

1 M 

Fair 

1770 

4.96 

0.62 

4,46 

Bk 

259 

1.65 

3.48 

Diabetes mellitus, meningococcus meningitis, pericentral atrophy of the 

7 

57 

! M 

Obese 

1440 

4.03 

1.06 

2.33 

294 

323 

1.43 

1,43 

Diabetes mellitus, mild obesity, lobular pneumonia, hypertensive 













arterial heart disease 

10 

50 

F 

Obese 

1330 

7.43 

0.83 

6.17 

259 

335 

1.31 

5.52 

Arteriosclerotic heart disease, obesity, CPC of liver 

22 

50 

M 

Obese 

1875 

6.06 

1.33 

4.57 

293 


| 2.99 

! 2.68 

I Obesity, normal liver 

30 

65 

F 

Poor 

1170 

14.05 

0.97 

13.60 


238 

I 2.53 

12.50 

[ Paget’s disease, lobular pneumonia, fatty liver 

32 i 

54 

M 

Obese 

1730 

6.61 

0.95 

4.91 


201 

1.40 

! 4.21 

Obesity, slightly fatty liver 

48 

50 

F 

Obese 

1640 

10.60 

0.96 

8.90 

i 

326 

= 2.01 

! 6.85 

Obesity, normal liver 

52 j 

31 

M 

Obese 

1660 

7.72 

0.77 

4.22 


333 

2.89 

2.35 

Obesity, normal liver 

54 

45 

F 

Obese 

2900 

3.39 

0.54 

2.26 


! 232 

1,87 

1,07 

Liver abscess, chronio cholecystitis, obesity 

88 ! 

67 

F 

Obese 

1400 

3.92 

0.78 

2.69 


j 



Bronohopneumonia, obesity, normal liver 

92 

50 

M 

Obese 

2490 

19.63 

0.46 

18.71 


1 237 



Coronary thrombosis, fatty liver, obesity 

Average 

52 j 



1740 

7,67 

0.84 

6.25 

258 

274 

1.99 

4.11 



age total cholesterol for the group was above the 
normal average. Otherwise, the findings did not 
show any very striking changes. 

DISCUSSION 

In 14 of the 60 cases the total liver lipids were 
increased. Of these 14 cases, 5 were patients 
dying from acute infections; of these 5, 4 were 
found to have some cirrhosis of the liver and 2 
had previous histories of alcoholism. Three of 
the 14 patients died of some chronic infection, and 
2 of these were alcoholics. Of the remaining 6 
patients in whom the liver lipids were increased, 1 
was a patient with lymphosarcoma, 1 was an obese 
patient with no other complication, and 4 were 
patients with heart disease. 


In the group of patients dying of chronic 
fections, and in the group of patients dying 
some fonn of malignancy, the total liver lipi 
were slightly lower in several instances than t 
average normal value. 

On the basis of the analyses done, the amor 
and character of the fat in the liver do not see 
to be influenced significantly unless the liver itsi 
is subject to disease. Cirrhosis of the liver, 
the type of fatty infiltration that is seen most oft 
in alcoholics, has more influence on the amou 
and distribution of the liver lipids than do oth 
diseases. It is interesting that, in the very h 
diabetic cases analyzed, there was no appreciaf 
increase in the amount of fat in the liver. 

Breusch and Scalabrino (4) analyzed the live 


TABLE v 


Number 

case 


7 

10 

13 

37 

6 

44 
4G 
55 
60 
S7 

92 

93 
97 
9S 

5 

45 

Average 


Cardiovascular disease 


Age 

Sex 

Nutri- 
tion 
of pa- 
tient 

Weight 

of 

liver 

Total 

lipid 

- 

cj 

a 

S.5.jg 

Fatty 

acid 

Cholesterol 

Leci- 

thin 

Neu- 

tral 

fat 







grams 

grams 

grams 

mgm . 

mgm. 

grams 

grams 




grams 

per 

per 

per 

per 

per 

per 

per 





cent 

cent 

cent 

cent 

cent 

cent 

cent 

57 


Obese 

1440 

4.03 

1.06 

2.33 

294 

323 

1.43 

1.43 

50 


Obese 

3330 

7,43 

0.S3 

6.17 

259 

335 

1.31 

5.52 

S2 


Good 

1300 

4.63 

0.89 

2.84 


284 

1.39 

2.00 

52 


Good 

1270 

3.07 

0.S5 

2.71 


462 

1.69 

1.50 

53 


Fair 

1500 

9.99 

0.81 

8.10 

219 

321 

2.20 

6,92 

72 


Good 

1610 

12.90 

0.76 

10.90 


315 

2.09 


50 


Good 

1560 

13.10 

1.04 

33.80 


386 

1.41 


70 


Good 

3450 

5.08 

0.S5 

3.51 


312 

1.99 

2.30 

50 


Poor 

1410 

4,18 

0.51 

2.94 



2.05 

LOG 

72 


Poor i 

1350 

E39 

0.57 

3.33 





50 


Obese 

2490 


0.46 

1S.71 


237 


j 

7S 


Fair 

1350 i 

3,48 

0.7S 

2.0S 





27 1 


Good 

1550 ; 

4.44 

0.74 

2.96 


I 



65 


Good 

1600 

3.27 

0.65 ] 

2.05 


1 o „ 



40 


Fair 

1720 

3.SS 

0.67 1 

2.44 

236 

256 

2.57 

0.75 

55 


Poor 

3650 | 


0.95 | 

3.27 


i 287 

2.07 

L8S 

5S 



1535 


0.78 

5.37 


320 

i 

1.84 

4.11 
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heart disease, cerebral aricriosdere: 


rer 

CPC of liver t ... 
teriosclerotic heart disease, periportal cirrhosis of tnc in 
ronary thrombosis, CPC of liver 
ronary sclerosis, alcoholism 
*onary sclerosis, arteriosclerosis, normal liver 
>ronary thrombosis , . , 

■ * e '- r t ventricle 


Coronary thrombosis, enlarged and fatty liver 
Cardiac failure, lobar pneumonia, normal liver 
Luetic aortitis, normal liver 
Cardiac failure, CPC of liver and spleen 

Essentia! hypertension, pitocin poisoning, norafluivcr j g ver 

d cerebral aneurysm, subarachnoid hemorrhage, norm 


Ruptured < 
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of 72 patients. Of these, 11 died of malignancy, 
8 of tuberculosis, 10 of liver cirrhosis or atrophy, 
4 in uremia, 6 of arteriosclerosis and hyperten- 
sion, and 6 of pneumonia. The average total 
lipids in these groups varied from 4.72 to 7.68 
grams per cent. The average total cholesterol 
varied from 312 to 277 mgm. per cent. In 1 of 
the cases of tuberculosis the total lipid was 20 
grams per cent. In 1 of the cases of cirrhosis of 
the liver the total liver lipid was 12.5 grams per 
cent. The average total liver lipid for these two 
groups was not, however, elevated. The figures 
of Breusch and Scalabrino substantiate our find- 
ings. Apparently, the ability of the liver to 
handle fats is not easily impaired, and probably 
is only significantly affected when the liver itself 
is affected, as in cirrhosis. 

SUMMARY 

Analyses were done on 60 human livers. Of 
these, 16 were from patients dying of acute infec- 
tions in whom no cirrhosis of the liver was found 
at autopsy. Five were from patients dying of 
acute infections in whom some cirrhosis or fatty 
infiltration was noted postmortem. Ten were 
from patients dying of chronic infections, 7 from 
patients dying with malignant diseases, 12 from 
patients dying with some disturbance of metabo- 


lism, and 16 were from patients dying with some 
form of heart disease. 

The outstanding finding was in the 5 cases of 
acute infections in whom cirrhosis or fatty infil- 
tration of the liver was present. The average 
total liver lipid in these cases was increased well 
above the normal range (15.48 grams per cent), 
and the total cholesterol was increased. There 
were no striking changes in the average lipid 
values in the other groups studied. 

We are indebted to Dr. Douglas Symmers, Director of 
the Department of Pathology of Bellevue Hospital, and 
to the Department of Hospitals and the office of the 
Chief Medical Examiner for the samples of liver ob- 
tained for analysis. 
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It has long been thought that anaphylactic 
shock, -as produced in the experimental animal, 
and the allergic reaction, as it occurs in man, may 
be dependent on the same basic mechanism for 
their production (1). Both anaphylaxis and al- 
lergy come under the heading of a hypersensitive- 
ness,” which is an all-inclusive term and under 
which the phenomena of each may be conveniently 
grouped. In the search for an etiological factor, 
histamine has figured prominently ever since the 
studies of Dale and Laidlaw (2) who observed 
that the symptoms of histamine shock and anaphy- 
laxis were strikingly similar. In 1929 Dale (3) 
postulated that histamine was released in anaphy- 
lactic shock as a result of cell injury, due to the 
interaction of the antibody with the antigen. This 
was subsequently shown to be true by Dragstedt 
and Gebauer-Fuelnegg (4) for the dog, and by 
Bartosch, Feldberg and Nagel (5) for the guinea- 
pig. Thus, until recently it was believed that 
anaphylaxis was always associated with an in- 
crease of the blood histamine, which in turn was 
responsible for the production of symptoms. In 
1939, however, Code and Hester (6) noted that 
anaphylactic shock in the horse and calf was asso- 
ciated with a decrease in the histamine content of 
the blood. Rose and Weil (7) observed a similar 
change in the rabbit, and it was further noted that 
a decrease also occurred in the histamine content 
of some of the tissues of this species during 
anaphylactic shock (8). From these findings it 
appears that acute anaphylactic shock may be as- 
sociated with a rapid increase in the blood his- 
tamine in certain species, and a marked decrease 
in others. 

Investigations have also been carried out on the 
possible relation of histamine to allergic disease in 

1 Presented in part at the meeting of the Society for 
the Study of Asthma and Allied Conditions, Atlantic City, 
May 1940, 

# 2 Aided by a grant from the Banting Research Founda- 
tion. 


man. For the most part, the results have been 
neither as clear nor as consistent as those obtained 
in experimental anaphylaxis, and the greater part 
of the evidence has been of an indirect nature. 
Thus Lewis (9) postulated that symptoms of al- 
lergic disease might be explained by the liberation 
of an u H ” or histamine-like substance, because 
of the similarity between histamine wheals and 

table r 


Blood histamine in cases of asthma 







Blood 


Case 

Sex 

Age 

Diagnosis 

Date 

hist a- 

Symptoms 






mine 







y per 
100 ee. 


2 

F 

30 

Chronic asthma 


1.0 

4*4- 

46 

F 

29 

Chronic asthma 


4.0 

0 

52 

F 

48 

Chronic asthma 


2.0 

4444 






4.0 

0 

64 

M 

54 

Asthma, bronchitis, 


8.0 

0 




hay fever 




68 

F 

24 

Asthma, bronchitis 


4.0 

44 

71 

F 

27 

Asthma 

! 

6.0 

0 

76 

F 

9 

Asthma 


3.0 

44 




Asthma 


3.0 

4444 

81 

M 

31 


3.0 

0 

82 

F 

49 

Severe asthma and 

November 11,1939 

1.0 

4*3 — 1*4 




bronchitis 


1.0 




1 


December 5,1939 

5.0 

4444 





December 6, 1939 

1.0 

444 



1 


December 13, 1939 

4.0 

4 





January 11,1940 

4.0 

0 




Asthma 

January 12,1940 

i 

2.0 

0 

S3 

F 

10 

5.0 

0 

84 

M 

8 

Asthma 

i 

6.0 

0 

S5 

F 

6 1 

Asthma and bronchitis 

i 

8.0 

0 

64 

M 

1 

16 

Asthma 

i 

9.0 

3 0 

4444 

o 

104 

F 

25 

Asthma 


3J> 

o 

105 ! 

1 

F 

11 

! 

Asthma 


9.0 

Day after 
severe at- 
tack, still 

106 

F 

43 

Asthma and bronchitis 


5.0 

Trheering 

44 

24 hours 

107 

F 

11 

Asthma 


12.0 







after se- 

10S 

124 

F 

M 

14 

16 

I 

Asthma and bronchitis 
Asthma 


13.0 

9.5 

vere attack 

4444 

0 



mos. 




144 

M 

8 

Asthma and bronchitis 


U5 

4 

A 

145 

F 

38 

Asthma 


4.0 

ZJ5 

5.5 

147 

F 

40 

Asthma 


u 

n 

165 

F 

45 

Asthma and bronchitis 

March 20, 1939 

' 444-*- 





March 28, 1939 

i 2.0 

4 


1 



April 1, 1939 

4.3 

0 

187 

I 

F , 

48 

Asthma 

April 4, 1939 
May 3, 1939 

3.0 

3.2 

0 

0 6:30 pan. 






! 3.8 

0 

239 

140 

M 
F l 

19 

22 

Asthma 

Asthma 

May 4, 1939 

3.0 

9.0 

11:30 pma. 

0 

4444 

251 

F 

12 

Asthma 


4.0 

0 

74 

M 

53 

Asthma and urticaria 


19.0 

4.0 

ip .t i 

44 

44 






4.0 

275 

M 

34 

Asthma 


4.0 

+++ 
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Fig. 1. The Histamine Content of the Blood of Patients With Asthma Charted 

According to Age Groups 

Whereas the majority of adult asthmatics have a blood histamine level which is within 
normal limits (2.0 to 7.5 y per 100 cc.), that of many of the patients under the age of 
sixteen is elevated above this level. 


those produced by stroking the skin of patients 
with dermatographia. Similarly, the liberation of 
free hydrochloric acid into the stomach following 
the production of wheals in a case of dermato- 
graphia (10) or by the immersion into ice water 
of the arm of a patient sensitive to cold (11) is 
another indirect method of demonstrating the lib- 
eration of histamine during the production of 
allergic phenomena. 

In 1935 Barsoum and Gaddum (12) described 
a method for the determination of histamine in 
blood. Using this method or slight modifications 
thereof, a number of investigators have studied 
the blood histamine levels in patients with allergic 
disease. In six patients with urticaria, Cerqua 
(13) noted an increase of the blood histamine 
level during acute attacks, with a return to normal 
after six hours. His figures ranged from 13.0 to 
30.0 y per 100 cc. 


Observations on the histamine level of the bloo 
in patients with asthma have been conflicting* 
Cerqua (13) noted a definite increase in eigit 
cases of asthma during attacks, 18.0 to 30.0 y P er 
100 cc. During quiescent periods the blood bis 
tamine was normal, 7.0 to 10.0 y per 100 cc. 
Similar findings in a small group of cases were re 
ported by Jacquelin (14) and Parrot (15)* J* 
the other hand, Haworth and MacDonald ( ) 

did not find any significant alteration in the b • oo 
histamine level of sixty asthmatics. Riesser ( 
was also unable to demonstrate a sigm ca 
change. . 

In previous studies, Rose and Browne ( ) ® f 

served that the blood histamine content o 1 
normal persons averaged 4.0 y per 100 cc., ^ ^ 
variations of from 2.0 to 7.5 y per 100 cc. ^ 
also noted that the blood histamine level ’ n . an ^... t | c 
person remained remarkably constant wit i 
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BLOOD HISTAMINE DETERMINATIONS IN CASES OF ASTHMA 


DURING ACUTE SYMPTOMS AND IN THE QUIESCENT 



Fig. 2. The Histamine Content of the Blood of Three Asthmatic Patients Both 
During Attacks and Quiescent Periods 

It will be seen that, although there are variations in the blood histamine level, these are 
not necessarily correlated with symptoms. 


or no alteration, even though examinations were 
made weeks or months apart. These findings 
agree in general with those of Code and Mac- 
Donald (19) and most other observers. 

Further studies on the histamine content of the 
blood have been carried out in 116 patients with 
allergy. The results of some of these — cases of 
physical allergy and dermatographia — have al- 
ready been reported (20). The results about to 
be described were obtained from observations on 
eighty patients with other forms of allergic 
disease. 

METHODS 

The blood histamine was determined by the Code (21) 
modification of the Barsoum and Gaddum (12) method. 
All assays were carried out on the guinea-pig ileum sus- 
pended in Tyrode solution at 38° C. to which atropine 
was added in a concentration of 1 : 10,000,000. This 
method is reasonably accurate in that small amounts of 
histamine' may be detected to within 95 to 98 per cent 
when added to whole blood. 


All results are expressed as gamma (gamma or y 
= 0,001 mgm. or microgram) of histamine base per 100 
cc. whole blood. 

RESULTS 

(a) Cases of asthma 

Thirty cases of asthma, most of which were 
free of other allergic complications, were studied. 
The results are given in Table I. It will be ob- 
served that some of these patients have a blood 
histamine level which is below the normal (Cases 
2, 82, 144), whereas others (Cases 64, 85, 105, 
107, 108, 124, 239, 251 60) have a blood histamine 
level which is greater than normal. When these 
are charted according to age groups, it appears 
that patients of less than sixteen years of age 
tend to have high blood histamine levels as com- 
pared to adult asthmatics (Figure 1). 

It will further be noted that the histamine con- 
tent of the blood of patients with asthma tends to 
fluctuate greatly as compared to that of normal 
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Fig. 3. The Histamine Content of the Blood of a Patient With Chronic Asthma and Eczema Taken 

Over a Period of About Two Years 
The determinations were made at random intervals both in and out of attack. 


patients. However, there does not seem to be 
any consistent correlation of these changes with 
the onset or disappearance of symptoms. This is 
shown in Figure 2 where the symptoms and blood 
histamine levels of three patients with asthma are 
recorded both during severe attacks and during a 
symptom-free period. 

One patient (Case 60) was followed at inter- 
vals in this manner for a period of two years. 
The results of the blood histamine determinations 
are shown along with symptoms in Figure 3. It 
will be noted that the histamine content of the 
blood fluctuated markedly without a consistent re- 
lationship to the symptoms of active asthma or 
dermatitis. Many of the attacks were associated 
with a high blood histamine level, such as that in 
June 1939 when the histamine content of the blood 


rose to 18.0 y per 100 cc. as an acute attack of 
asthma came on, and fell to a low level on June 
12th when symptoms disappeared. In October 
1939, there was persistent asthma and severe ec- 
zema. The histamine content of the blood rose 


and fell without much obvious change in the symp- 
toms. Again, a marked increase of the blood his- 
tamine level (20 y per 100 cc.) was observed in 
May 1940; there was only a slight increase in 
symptoms of asthma. On June 5th he returne 
with severe asthma and the histamine content o 


the blood was only 10.0 y per 100 cc. At the last 
visit made on February 14th, 1941, this patient 
was completely free of asthma, and there was a 
moderate amount of eczema. The blood histamine 


content was 22.0 y per 100 cc., higher than at an) 
previous time. It would seem that the symptoms 
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TABLE II 


Blood fcisfamine in casts of uncomplicated urticaria 


Case 

Sex 

Age 

Blood 

histamine 

Symptoms 




y per 100 cc . 


15 

F 

24 

1.7 

0 

28 

F 

14 

4.0 

0 




4.0 

FF 

48 

F 

24 

3.0 

0 




2.0 

FF 

59 

F 

25 

4.0 

0 




4.0 

++ 




3.0 

FFFF 

61 

F 

18 

2.0 

FFF 




3.5 

0 

63 

M 

24 

8.0 

++ 




7.0 

■f + *f + 

97 

F 

17 

7.0 

0 




6.0 

++ 

189 

M 

10 

4.0 

++ 




5.0 

0 




4.0 

FFF 




4.0 

0 

178 

F 

40 

3.0 

4 "f 




4.2 

0 

51 

F ! 

40 

8.0 

0 

121 

F 

30 

6.0 

0 




6.0 

FF 




6.0 

0 



j 

11.0 

FFFF 

133 

F 

48 

3.5 

FFF 




3.8 

FF 

151 

F 

22 

6.0 

0 

174 

F 

23 

6.0 

0 




3.0 

0 




4.0 

FF 

202 

F 

36 

3.0 

FFF 

214 

F 

60 

1.5 

FF 

217 

F 

23 

5.5 

FFF 

259 

M 

3 

6.8 

0 




6.6 

FF 


of allergy are not associated with any consistent 
change in the histamine content of the blood in 
this patient. 


( b ) Cases of uncomplicated urticaria 

Twenty-three patients with recurrent urticaria 
were available for study. For the most part, no 
difference in the histamine content of the blood 
was noted as compared to that of normal persons, 
as will be seen in Table II. In one case only 
(Case 121) a moderate increase was observed 
during an acute attack. In the remaining twenty- 
two patients, minor fluctuations of the blood his- 
tamine level occurred, and these were usually in 
the nature of a small decrease coincident with an 
attack of urticaria. These findings, therefore, are 
not in agreement with those of Cerqua (13) who 
noted an increase of the histamine content of the 
hlood during attacks of urticaria. 


TABLE III 

Blood histamine in cases of 
angioneurotic oedema 


Case 

M 

$ 

j 

V 

tc 

< 

Date 

Blood 

histamine 

Symptoms 





y P&\ 






100 ' 






cc. 


37 

M 

9 


2.0 

+ 4- 





0.5 

++++ 

73 

F 

22 | 


3.0 j 

0 

79 

F 

12 


1.0 l 

4*4*4* 

87 

M 

21 


0.5 

After severe attack (24 hours 






symptoms receding 

89 

F 

26 


5.0 | 

0 



i 


0.5 | 

4*4* 4~F 

91 

M 

22 


1.0 

4*4* 





1.0 

36 hours after (subsiding) 

21 

F 

24 


0.8 ! 

Severe attack 4“ 4* 4“ + 

219 

F 

27 

June 13, 1940 

5.0 J 

0 




July 22, 1940 

0.5 1 

4-4-4-F 




September 9, 1940 

1.5 

4*4* 




October 11, 1940 

3.0 

4* 






No oedema, but complaining 


j 


November 21, 1940 

jo. 

of blurred vision 


(c) Cases of angioneurotic oedema 

The patients susceptible to attacks of acute 
angioneurotic oedema, of whom there were eight, 
showed the most consistent alterations in the his- 
tamine content of the blood. The results are 
given in Table III. It will be noted that in each 
instance, with the exception of Case 37, a 
moderate-to-marked decrease in the blood his- 
tamine occurred when acute symptoms were pres- 
ent. This was observed in repeated attacks in two 
patients. For example, in Case 89, the blood his- 
tamine level was low when symptoms were 
marked, and returned to within normal levels as 
they decreased (Figure 4). 

TABLE IV 


Blood histamine in cases of eczema 


Case 

Sex 

Age 

: Blood 
hista - 
; mine 

Symptoms 




: y per 





: 100 cc. 


43 

F 

38 

4.0 

FF 

72 

F 

1 34 

4.0 

F 

90 

F 

6 

9.0 

FFFF 




8.0 

FFF 

92 

M 

20 

9.0 

FF 

98 

M 

7 

' 6.0 

FFF 

101 

F 

40 

10.0 

FFF 

179 

F 

10 

8.0 

F 

190 | 

F 

40 

5.0 

F F 

220 ! 

M 

47 

28.0 

FFFF (weekly intervals) 




12.0 

FFFF 




13.0 

FFFF 

60 

M 

18 

14.0 

FF 
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Fig. 4. The Histamine Content of the Blood of a Patient Subject to Urticarial Attacks 

and Angioneurotic Oedema 

It will be seen that coincident with an attack of angioneurotic oedema, a marked diminution of 
the histamine content of the blood occurs. 


( d ) Cases of eczema 

The blood histamine level was determined in 
ten cases of eczema (Table IV). Unfortunately, 
single determinations only were made on most of 
these patients. It will be seen from the results 
that the blood histamine tends to be at levels 
higher than normal. Case 60, who was described 
previously with the group of asthmatic patients, 
is included. The histamine level of the blood was 
raised when eczema alone was present. In Figure 
5, determinations of the blood histamine level in 
patients with eczema, urticaria and angioneurotic 
oedema are shown. 

( c ) Vasomotor rhinitis and colitis 

There remains a small group of patients, six 
with vasomotor rhinitis, and two with colitis. 
The results of the blood histamine determinations 


are given in Table V. Here again, it will be 
noted, there is little difference in the blood his- 
tamine level of patients with vasomotor rhinitis 
as compared to normals. In one of the cases o 
colitis (Case 153) the histamine content of the 
blood is definitely increased and there are marke 
fluctuations which are not associated with increase 
or decrease of symptoms. 

The results of treatment, indicated on some o 
the figures, will be discussed elsewhere. 

DISCUSSION 

In reviewing the above results, several point 
may be noted. It will be seen that, in contrast , o 
the marked stability of the blood histamine cr 
of non-allergic or normal patients, that of patien 
with allergic disease, with the exception of n 
caria, may vary considerably in the same pcrso 
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Fig. 5. The Histamine Content of the Blood of Patients With Eczema, Urticaria 

and Angioneurotic Oedema 

It will be observed that the histamine content of the blood of many of the patients with 
eczema tends to be at levels higher than normal, whereas that of patients with angio- 
neurotic oedema is at a level below that of normal. Patients with urticaria, on the other 
hand, have a histamine content of the blood within normal limits. 


Furthermore, the histamine content of the blood 
of allergic patients may increase considerably 
above the normal, as in young asthmatics or in 
cases of eczema, or may almost entirely disappear, 
as in cases of angioneurotic oedema. In this con- 
nection, it is interesting to note that Cerqua (13) 
also observed that the blood histamine level de- 
creased in patients with serum sickness during 
attacks, and that it later returned to normal. Such 
a decrease has also been observed in cases of 
asthma where the attack was induced by the sub- 
cutaneous injection of histamine (22) and in 
cases of physical allergy following the production 
of wheals by the proper stimulus (20). 

It is important, however, to distinguish be- 
tween the fluctuations in the blood histamine level 
in patients with angioneurotic oedema, and those 
which occur in other types of allergic disease, for 
it is only in the former that the change in the 


histamine content of the blood is definitely corre- 
lated with the onset of symptoms, while in the 
latter group of cases, such as eczema or asthma, 
fluctuations in the histamine content of the blood 
may or may not occur at the time of onset of 
symptoms. Furthermore, the blood histamine 
level always decreases in cases of angioneurotic 
oedema with the onset of symptoms, whereas in 
the other types of allergy, either an increase or a 
decrease may be observed. 

The observations of Myhrman and Tomenius 
(23) are interesting in connection with the rela- 
tion of histamine to asthma. They found that, 
whereas the stools of most patients contained rela- 
tively small amounts of histamine, averaging 1.3 
y per cc., those of asthmatic patients contained 
large amounts. In one patient, for example, the 
histamine content of the stool was found to be 
256 y per cc. and 100 y per cc. was found in the 
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TABLE V 


Blood histamine in cases of vasomotor rhinitis and colitis 



1 




Blood 


Case 

Sex 

i 

Age 

Diagnosis | 

1 

Date 

hista- 

mine 

Symptoms 






y Per 
100 cc. 


102 

If 

25 

Vasomotor 







rhinitis 


8.0 

+ + 

77 i 

F 

39 

Vasomotor 






rhinitis 


6.0 

++ 






7.0 

++++ 






12.0 

++++ 

69 

F 

33 

Vasomotor 







rhinitis 


4.0 

0 

78 

F 

14 

Vasomotor 







rhinitis 

April 27, 1940 

3.5 

++ 





May 13, 1940 1 

2.5 

++ 





May 23, 1940 

10.0 

++++ 





June 5, 1940 

3.0 

++ 





June 8, 1940 

5.0 

++++ 





June 13, 1940 

3.0 

+++ 





July 11, 1940 

3.0 

++++ 

207 

F 

29 

Vasomotor 



i 




rhinitis 


8.0 

+++ 

225 

M 

25 

Colitis 


8.0 

+++ 

153 

M 

20 

Colitis 

April 13, 1940 

8.0 

++ 





May 23, 1940 

14.0 

+ 


1 



May 31, 1940 

10.5 

+ 





June 15, 1940 

14.0 

+ + + + 





June 20, 1940 

9.0 

+ + + + 





June 21, 1940 

6.5 

+ + + + 





June 28, 1940 

8.0 

+ + + + 





July 8, 1940 

7.0 

+ + + + 


stool of another. On the other hand, no increase 
was noted in cases of urticaria. Histamine-like 
substances have also been found in the sputa of 
asthmatic patients (17, 24). 

While it is as yet not possible to account for 
the fluctuations in the blood histamine level or to 
explain its relationship to allergic disease, a con- 
sideration of the state of the blood histamine and 
its behaviour following the injection of histamine 
may somewhat clarify these findings. It is agreed 
by the majority of observers that most of the 
blood histamine is held within the cellular ele- 
ments — the white blood cells (19) or the platelets 
(25, 26). Thus an increase of such histamine- 
rich cells would account for an increase in the total 
blood histamine. Code and MacDonald (19) re- 
ported five patients with an eosinophilia of over 
9 per cent, in four of whom the histamine con- 
tent of the blood was raised above normal. The 
results of the present investigation support this 
finding in general, for the majority of patients in 
whom the blood histamine was found to be in- 
creased also had an eosinophilia of from 10 to 20 


per cent. This parallelism, however, was not in- 
variable. For example, one patient (Case 273), 
a case of Loeffler’s syndrome, had an eosinophilia 
of 60 per cent on one occasion, and of 55 per cent 
on another. The blood histamine level on both, 
respectively, was 2.0 y per 100 cc. Similarly, 
Case 43, Table IV, had an eosinophilia of 15 per 
cent. The histamine content of the blood was 4.0 
y per 100 cc. 

It should, however, be noted that marked in- 
creases in the histamine content of the whole blood 
may exist without any symptoms being manifest. 
Thus, in cases of myelogenous leukemia, as much 
as 1500 y per 100 cc. have been reported. Such 
histamine is probably bound to the cells (19, 27). 
On the other hand, a sudden liberation of his- 
tamine into the blood may produce a rapid and 
severe fall of the blood pressure and tachycardia. 
Even as small an amount as 7.0 gamma, when 
rapidly injected intravenously, will produce such 
changes (28). 

It is probable that, in certain cases of physical 
allergy, histamine may be released free into the 
plasma and there may produce a decrease in the 
blood pressure and tachycardia along with a re- 
lease of free hydrochloric acid into the stomach 
(11). Actual increases in the blood histamine 
have been observed in one such case by Capps and 
Young (29) and in eight cases by Rose (20). 
Such increases are transient and are frequently 
followed by a decrease in the blood histamine leve 
within twenty to thirty minutes. It is probable 
that this histamine is in the plasma rather than 
in the cells and, as such, would rapidly be witi 
drawn from the circulation (30). This is furtier 
supported by the observation that, following tie 
subcutaneous injection of histamine in allergic pa 
tients, the histamine level of the blood may remain 
at a stationary level, or may decrease even at t 1 
height of the symptoms of histamine intoxication, 
such as tachycardia, headache or allergic man 
festations (22). Thus, even when histamine is 
liberated, it is possible that the tissue affecte maj 
absorb the free histamine and withdraw it rom 
the circulating blood. This may possibly ac ^ ou 
for the lack of correlation between the blood « * 
tamine levels and symptoms in other forms o 
lergic disease, as noted above. It would a so 
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count in part for the decrease in the blood his- 
tamine level in cases of angioneurotic oedema. If 
it is believed that histamine is carried by the 
eosinophiles, the finding that there is a gradual 
increase of these cells in wheals (31) would also 
account for the decrease in the blood histamine. 
Finally, it is possible that human allergy may 
resemble both types of animal anaphylaxis, with a 
liberation of histamine in certain types and a de- 
crease of the histamine content of the blood in 
others. 

CONCLUSIONS 

1. The histamine content of the blood of a 
group of eighty patients with allergic disease in- 
cluding asthma, urticaria, angioneurotic oedema, 
eczema, vasomotor rhinitis and colitis has been 
studied, 

2. With the exception of cases of urticaria, 
there is much more fluctuation of the histamine 
content of the blood of patients with allergic dis- 
ease, as compared to the marked stability of that 
of normal persons. 

3. In cases of asthma, eczema or vasomotor 
rhinitis, these fluctuations are not necessarily cor- 
related with the onset of symptoms. 

4. With the development of angioneurotic 
oedema, a marked diminution of the histamine 
content of the blood occurs. The blood histamine 
level returns to normal when the symptoms sub- 
side. 

5. Although it is possible that histamine may be 
released in the types of allergic disease studied in 
the present communication, the results of the above 
observations do not warrant such a conclusion. 

The author wishes to thank Dr. J. S. L. Browne for 
his valuable criticism and suggestions. Thanks are also 
due to Dr. A. T. Henderson and the Department of Al- 
lergy of the Royal Victoria Hospital and to Dr. H. Bacal 
and the Department of Allergy of the Children's Memo- 
rial Hospital for providing many of the patients, and to 
Mrs. E. V. Harkness for technical assistance. 
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TABLE V 


Blood histamine in cases of vasomotor rhinitis and colitis 



! 

| 1 



Blood 


Case 

Sex 

' Age 

Diagnosis 

Date 

hista- 

mine 

Symptoms 






y Per 
100 cc. 


102 

F 

25 

Vasomotor 







rhinitis 


8.0 

++ 

77 

F 

39 

Vasomotor 







rhinitis 


6.0 

+ + 






7.0 

++++ 






12.0 

++++ 

69 

F 

33 

Vasomotor 







rhinitis 


4.0 

0 

78 

F 

14 

Vasomotor 







rhinitis 

April 27, 1940 

3.5 

+ + 





May 13, 1940 

2.5 

++ 





May 23, 1940 

10.0 

++++ 





June 5, 1940 

3.0 

+ 4 - 





June 8, 1940 

5.0 

++++ 





June 13, 1940 

3.0 

+++ 





July 11, 1940 

3.0 

++++ 

207 

F 

29 

Vasomotor 






rhinitis 


8.0 

+++ 

225 

M 

25 

Colitis 


8.0 

+++ 

153 

M 

20 

Colitis 

April 13, 1940 

8.0 

++ 





May 23, 1940 

14.0 

+ 





May 31, 1940 

10.5 

+ 





June 15, 1940 

14.0 

++++ 

i 




June 20, 1940 

9.0 

++++ 





June 21, 1940 

6.5 

++++ 





June 28, 1940 

8.0 

++++ 





July 8, 1940 

7.0 

++++ 


stool of another. On the other hand, no increase 
was noted in cases of urticaria. Histamine-like 
substances have also been found in the sputa of 
asthmatic patients (17, 24). 

While it is as yet not possible to account for 
the fluctuations in the blood histamine level or to 
explain its relationship to allergic disease, a con- 
sideration of the state of the blood histamine and 
its behaviour following the injection of histamine 
may somewhat clarify these findings. It is agreed 
by the majority of observers that most of the 
blood histamine is held within the cellular ele- 
ments — the white blood cells (19) or the platelets 
(25, 26). Thus an increase of such histamine- 
rich cells would account for an increase in the total 
blood histamine. Code and MacDonald (19) re- 
ported five patients with an eosinophilia of over 
9 per cent, in four of whom the histamine con- 
tent of the blood was raised above normal. The 
results of the present investigation support this 
finding in general, for the majority of patients in 
whom the blood histamine was found to be in- 
creased also had an eosinophilia of from 10 to 20 


per cent. This parallelism, however, was not in- 
variable. For example, one patient (Case 273), 
a case of Loeffler’s syndrome, had an eosinophilia 
of 60 per cent on one occasion, and of 55 per cent 
on another. The blood histamine level on both, 
respectively, was 2.0 y per 100 cc. Similarly, 
Case 43, Table IV, had an eosinophilia of 15 per 
cent. The histamine content of the blood was 4.0 
y per 100 cc. 

It should, however, be noted that marked in- 
creases in the histamine content of the whole blood 
may exist without any symptoms being manifest. 
Thus, in cases of myelogenous leukemia, as much 
as 1500 y per 100 cc. have been reported. Such 
histamine is probably bound to the cells (19, 27). 
On the other hand, a sudden liberation of his- 
tamine into the blood may produce a rapid and 
severe fall of the blood pressure and tachycardia. 
Even as small an amount as 7.0 gamma, when 
rapidly injected intravenously, will produce such 
changes (28). 

It is probable that, in certain cases of physical 
allergy, histamine may be released free into the 
plasma and there may produce a decrease in the 
blood pressure and tachycardia along with a re- 
lease of free hydrochloric acid into the stomach 
(11). Actual increases in the blood histamine 
have been observed in one such case by Capps an 
Young (29) and in eight cases by Rose (20)- 
Such increases are transient and are frequently 
followed by a decrease in the blood histamine leve 
within twenty to thirty minutes. It is probabe 
that this histamine is in the plasma rather than 
in the cells and, as such, would rapidly be 
drawn from the circulation (30). This is furtier 
supported by the observation that, following t ' e 
subcutaneous injection of histamine in allergic P‘ 
tients, the histamine level of the blood may rerna '^ 
at a stationary level, or may decrease even at . 
height of the symptoms of histamine intoxication, 
such as tachycardia, headache or allergic j 1131 
festations (22). Thus, even when histamine 
liberated, it is possible that the tissue affecte m 
absorb the free histamine and withdraw it r 
the circulating blood. This may possibly acc 
for the lack of correlation between the oo ^ 
tamine levels and symptoms in other forms o 
lergic disease, as noted above. It would a so 
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count in part for the decrease in the blood his- 
tamine level in cases of angioneurotic oedema* If 
it is believed that histamine is carried by the 
eosinophiles, the finding that there is a gradual 
increase of these cells in wheals (31) would also 
account for the decrease in the blood histamine. 

Finally, it is possible that human allergy may 
resemble both types of animal anaphylaxis, with a 
liberation of histamine in certain types and a de- 
crease of the histamine content of the blood in 
others. 

CONCLUSIONS 

1. The histamine content of the blood of a 
group of eighty patients with allergic disease in- 
cluding asthma, urticaria, angioneurotic oedema, 
eczema, vasomotor rhinitis and colitis has been 
studied. 

2. With the exception of cases of urticaria, 
there is much more fluctuation of the histamine 
content of the blood of patients with allergic dis- 
ease, as compared to the marked stability of that 
of normal persons. 

3. In cases of asthma, eczema or vasomotor 
rhinitis, these fluctuations are not necessarily cor- 
related with the onset of symptoms. 

4. With the development of angioneurotic 
oedema, a marked diminution of the histamine 
content of the blood occurs. The blood histamine 
level returns to normal when the symptoms sub- 
side. 

5. Although it is possible that histamine may be 
released in the types of allergic disease studied in 
the present communication, the results of the above 
observations do not warrant such a conclusion. 

The author wishes to thank Dr. J. S. L. Browne for 
his valuable criticism and suggestions. Thanks are also 
due to Dr. A. T. Henderson and the Department of Al- 
lergy of the Royal Victoria Hospital and to Dr. H. Bacal 
and the Department of Allergy of the Children’s Memo- 
rial Hospital for providing many of the patients, and to 
Mrs. E. V. Harkness for technical assistance. 
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In a previous paper (1) we reported the results 
of determinations of total magnesium and ultra- 
filtrable magnesium in the serum of patients with 
hyperthyroidism. These findings were contrasted 
with those obtained in normal individuals, pa- 
tients with autonomic imbalance, and patients with 
various types of muscular dystrophy. It was 
demonstrated that in normal individuals the per- 
centage of the total serum magnesium which is 
non-diffusible did not exceed 22.1 per cent, with 
an average of 14.5 per cent, although Watchorn 
and McCance (2) report that, normally, approxi- 
mately 25 per cent of the total serum magnesium 
is bound. The results obtained in patients with 
autonomic imbalance and various muscular dys- 
trophies fell quite well within the normal range. 
In contrast to these groups, the patients with 
hyperthyroidism showed a very marked increase 
in the percentage of bound magnesium which 
varied from 21.5 to 61.6 per cent, with an average 
of 36.0 per cent. It was further pointed out that, 
after adequate treatment with iodine, there oc- 
curred a drop in the percentage of the non- 
diffusible magnesium fraction, which finally 
reached normal levels after subtotal thyroidectomy. 
No correlation was found between the individual 
basal metabolic rates and the percentage of bound 
magnesium. This is perhaps due to the fact that 
the metabolic rate was determined very shortly 
after admission to the hospital ward and hence 
may not represent the true basal rate. The in- 
crease in the percentage of non-diffusible mag- 
nesium in Graves’ disease occurred entirely at the 
expense of the diffusible fraction, since the total 
serum magnesium in the patients with hyper- 
thyroidism was approximately the same as that 
of the normal controls. 

In the present paper we are reporting further 
results of studies of magnesium partition in pa- 

1 Eugene Meyer Jr. Fellow. 


tients with hyperthyroidism, as well as in indi- 
viduals with myxedema. We are also including 
experimental data on totally thyroidectomized 
dogs. 

METHOD 

The total serum magnesium was determined by the 
method of Briggs (3). The serum proteins were pre- 
cipitated with trichloracetic acid. It was found that 
little, if any, magnesium was carried down with the 
protein flocculum. To 10 cc. of protein-free filtrate were 
added 1 cc. of 20 per cent sodium acetate, 6 to 8 drops 
of 0.016 per cent bromcresol green, and 1 cc. of 4 per 
cent ammonium oxalate. The pH of the solution was 
adjusted to 5.0 by addition of ammonium hydroxide. 
The mixture was allowed to stand overnight, and the pre- 
cipitated calcium oxalate was then separated by centrifu- 
gation. To the decanted supernatant fluid and washings 
were added 1 cc. of a 2 per cent potassium dihydrogen 
phosphate, and 1 cc. of concentrated ammonia solution. 
After the mixture had again been allowed to stand over- 
night, the precipitate was separated by centrifugation and 
washed with a solution containing 200 cc. of 95 per cent 
alcohol and 50 cc. of concentrated ammonia solution per 
liter. The precipitated magnesium ammonium phosphate 
was dried and determined according to the method of 
Kuttner and Lichtenstein (4) by comparison of the color 
developed on addition of 7.5 per cent sodium molybdate 
and 02 per cent stannous chloride with that of a standard 
phosphate stock solution. 

For the determination of diffusible magnesium, serum 
was ultrafiltered through a “ 600 ” cellophane membrane 
under a pressure of 80 pounds of nitrogen per square 
inch. The magnesium content of the ultrafiltrate was 
determined as described above, except that the protein 
precipitate with trichloracetic acid was omitted. 

RESULTS 

In Table I are presented the data obtained on 
50 patients with well-defined hyperthyroidism. In 
each instance, the diagnosis was confirmed by mi- 
croscopic study of the excised gland. Of this 
group of 50 patients, the percentage of bound 
serum magnesium fell within the normal range 
level in 6, while it varied between 20 and 25 per 
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In a previous paper (1) we reported the results 
of determinations of total magnesium and ultra- 
filtrable magnesium in the serum of patients with 
hyperthyroidism. These findings were contrasted 
with those obtained in normal individuals, pa- 
tients with autonomic imbalance, and patients with 
various types of muscular dystrophy. It was 
demonstrated that in normal individuals the per- 
centage of the total serum magnesium which is 
non-diffusible did not exceed 22.1 per cent, with 
an average of 14.5 per cent, although Watchorn 
and McCance (2) report that, normally, approxi- 
mately 25 per cent of the total serum magnesium 
is bound. The results obtained in patients with 
autonomic imbalance and various muscular dys- 
trophies fell quite well within the normal range. 
In contrast to these groups, the patients with 
hyperthyroidism showed a very marked increase 
in the percentage of bound magnesium which 
varied from 21.5 to 61.6 per cent, with an average 
of 36.0 per cent. It was further pointed out that, 
after adequate treatment with iodine, there oc- 
curred a drop in the percentage of the non- 
diffusible magnesium fraction, which finally 
reached normal levels after subtotal thyroidectomy. 
No correlation was found between the individual 
basal metabolic rates and the percentage of bound 
magnesium. This is perhaps due to the fact that 
the metabolic rate was determined very shortly 
after admission to the hospital ward and hence 
may not represent the true basal rate. The in- 
crease in the percentage of non-diffusible mag- 
nesium in Graves’ disease occurred entirely at the 
expense of the diffusible fraction, since the total 
serum magnesium in the patients with hyper- 
thyroidism was approximately the same as that 
of the normal controls. 

In the present paper we are reporting further 
results of studies of magnesium partition in pa- 
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tients with hyperthyroidism, as well as in indi- 
viduals with myxedema. We are also including 
experimental data on totally thyroidectomized 
dogs. 

METHOD 

The total serum magnesium was determined by the 
method of Briggs (3). The serum proteins were pre- 
cipitated with trichloracetic acid. It was found that 
little, if any, magnesium was carried down with the 
protein flocculum. To 10 cc. of protein-free filtrate were 
added 1 cc. of 20 per cent sodium acetate, 6 to 8 drops 
of 0.016 per cent bromcresol green, and 1 cc. of 4 per 
cent ammonium oxalate. The pH of the solution was 
adjusted to 5.0 by addition of ammonium hydroxide. 
The mixture was allowed to stand overnight, and the pre- 
cipitated calcium oxalate was then separated by centrifu- 
gation. To the decanted supernatant fluid and washings 
were added 1 cc. of a 2 per cent potassium dihydrogen 
phosphate, and 1 cc. of concentrated ammonia solution. 
After the mixture had again been allowed to stand over- 
night, the precipitate was separated by centrifugation and 
washed with a solution containing 200 cc. of 95 per cent 
alcohol and 50 cc. of concentrated ammonia solution per 
liter. The precipitated magnesium ammonium phosphate 
was dried and determined according to the method of 
Kuttner and Lichtenstein (4) by comparison of the color 
developed on addition of 7.5 per cent sodium molybdate 
and 0.2 per cent stannous chloride with that of a standard 
phosphate stock solution. 

For the determination of diffusible magnesium, serum 
was ultrafiltered through a “600” cellophane membrane 
under a pressure of 80 pounds of nitrogen per square 
inch. The magnesium content of the ultrafiltrate was 
determined as described above, except that the protein 
precipitate with trichloracetic acid was omitted. 

RESULTS 

In Table I are presented the data obtained on 
50 patients with well-defined hyperthyroidism. In 
each instance, the diagnosis was confirmed by mi- 
croscopic study of the excised gland. Of this 
group of 50 patients, the percentage of bound 
serum magnesium fell within the normal range 
level m 6, while it varied between 20 and 25 per 
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TABLE I 

Distribution of magnesium in cases of hyperthyroidism and 
relation to average basal ?nelabolic rate 


Percentage of bound 
magnesium (Serum) 

Number of Average basal 

patients metabolic rate 

per cent 



20 or less 

6 

+36 

20 to 25 

9 

+43 

25 to 30 

7 

+49 

30 to 40 

18 

+44 

40 and over 

10 

+45 

cent in an additional 

9 instances. 

These latter 

results were classified 

as borderline. 

In the re- 

maining 35 patients 

the percentage 

of non-dif- 


fusible magnesium was considerably above the 
normal level. 


We attempted to correlate the duration and 
severity of the illness with the percentage of 
bound magnesium. For this purpose the data 
(Table II) were classified according to three time 
intervals: (a) 0 to 3 months, ( b ) 3 to 24 months, 
and ( c ) more than 24 months. In general, we 
find no statistically significant difference in mag- 
nesium distribution between classes (a) and (&). 
However, a comparison of (&) and (c) reveals 

TABLE II 


Relationship of percentage of bound magnesium * to duratio?i 
of symptoms and to severity of disease 





Number of Patients 


Percentage 

of 

bound 

magnesium 

Total 

number 

of 

patients 

Duration of 
symptoms 
months 

Severity of 
symptoms 

(Serum) 

0-3 

(a) 

3-24 

(b) 

24 or 
more 

to 

Mild 

Moderate 

and 

severe 

Less than 

25 per cent 

15 

4 

5 

6 

11 

4 

M6re than 

25 per cent 

35 

7 

24 

4 

4 

31 


* In order to establish the validity of the correlation 
inferred from Table II, the data were subjected to con- 
tingency analysis. From the data for 11 low* * (less than 
3 months) and “average” (3 to 24 months) duration of 
Graves’ disease associated with “normal” (0 to 25 percent) 
and “abnormal” (greater than 25 per cent) values for 
per cent of bound magnesium, Pearson’s coefficient of 
mean square contingency (C) = 0.2 and x 2 = 1.67, which 
yields a value of P slightly less than 0.20. This value of 
P is so large as to afford no evidence of correlation. From 
the analagous data for “average” and “high” (more than 
24 months) duration, C = 0.38, x 2 = 6.71, and P — 0.01. 
In this case, the evidence for correlation is significantly 
better, the odds being more than 99 to 1 in its favor. 

Franklin Hollander, Ph.D. 


that the percentage of bound serum magnesium 
tends to be significantly lower in patients with 
symptoms of more than 2 years’ duration than in 
the other group (see footnote to Table II). Simi- 
larly, an increase in the non-diffusible magnesium 
is associated with an increase in the severity of the 
disease — a relation which is directly apparent from 
the data. 

After treatment with iodine there occurs a dis- 
tinct drop in the percentage of bound serum mag- 
nesium, which is lowered further after operation 
(Table III). In several instances, the non-ultra- 
filtrable magnesium level in the blood fell to 0.0 
per cent. In these instances, the postoperative 
basal metabolic rate fell to myxedematous levels. 


table in 

Effect of treatment with iodine and operation on the percentage 
of bound magnesium 


Number 

of 

cases 

Average percentage of bound magnesium (serum) 

Control 

After iodine 
treatment 

After 

operation 

25* 

30.6 

18.9 


21f 

30.9 


14.3 

15 

29.5 

18.1 

14*5 


* In 3 patients there was no appreciable drop in t 
percentage of bound magnesium after iodine treatment. 

t In 3 patients there was no appreciable, drop m 
percentage of bound magnesium after operation. 

In Table IV are presented the data obtained on 
patients with myxedema. In the 7 instances re 
ported, the percentage of bound serum magnesium 
was markedly below the normal level, a finding 
which is the direct antithesis of that observed in 
Graves’ disease. In 3 of the 7 patients, studies 
were subsequently made after adequate treatment 
with thyroid extract. In 2 of the 3 instances there 
occurred an increase in the percentage of boun 
serum magnesium which approximated the nor 
mal values. 

We attempted to duplicate these results expert 
mentally. For this purpose total thyroidectomies 
were performed on 4 dogs. Serum magnesium 
partition studies were conducted before, an rC 
peatedly after the operation. In each instance, 
within 17 days to 5 weeks after operation t ere 
occurred a profound drop in the percentage 
bound magnesium. In dog 181 the bound u^ a £ n ^ 
sium could be raised to normal levels by t e 
ministration of thyroxin. When the therap) 



MAGNESIUM PARTITION IN THYROID DISEASE 


431 


TABLE IV 

Scrum magnesium studies in patients with myxedema 


Name 

Basal 

metabolic 

rate 

Total 

magnesium 

Ultra- 

filtrablc 

magnesium 

1 

Percentage of 
magnesium 
bound 



mgm. per cent 

mgm. per cent 

i 



BEFORE TREATMENT WITH THYROID EXTRACT 


E. A. 

-30 

2.64 

2.73 * 

0 

N. 

-30 

1.62 

1.60 

0 

A. C. 

-33 

2.16 

2.17 

0 

R. B. 

-32 

2.43 

2.29 

5.7 

F. 

-30 

2.32 

2.79* 

0 

G. G. 

-33 

2.43 

2.36 

2.8 

G. B. 

-22 

2.60 

2.61 



AFTER TREATMENT WITH THYROID EXTRACT 


E. A. 

+ 2 

2.31 

2.02 

12.5 

N. 

+7 

1.66 

1.49 

10.2 

R. B. 

+7 

2.35 

2.19 

5.2 


* These values fall below the zero level because of certain 
technical artefacts which, when corrected, bring the results 
to the zero level. 


discontinued, the non-diffusible magnesium re- 
turned to the previous low postoperative level. 
These changes in bound magnesium could be in- 
duced at will by the administration and withdrawal 
of thyroxin in totally thyroidectomized animals 
(Table V). 

DISCUSSION 

In a large percentage of patients with Graves' 
disease there occurs a marked increase in the 
percentage of bound serum magnesium. In pa- 
tients with well-defined hyperthyroidism in whom 
the non-diffusible magnesium was normal, cer- 
tain factors operated which contributed to the 
normal levels obtained. Many patients with 
Graves' disease were treated extensively prior to 
admission to the hospital. Thus, of our group of 
15 patients whose bound magnesium was normal 
or borderline, most had received some medication 
prior to admission to the hospital ward. It is, of 
course, difficult to determine the nature of such 
medication, but it is not inconceivable that iodine, 
iodides, or iodized salt was part of the therapy 
employed. Since the use of iodine tends to lower 
the percentage of bound magnesium, this may have 
played a part in those instances in which normal 
values were obtained. It is interesting that pa- 
tients with unduly prolonged Graves' disease tend 


to yield normal magnesium partition studies. The 
reasons for this are at present obscure, but it 
appears that these changes are mediated through 
the thyroid and occur only after certain altera- 
tions in thyroid function have occurred. This is 
further supported by the fact that, after thy- 
roidectomy in patients with Graves' disease, the 
magnesium partition tends to return to a normal 
pattern. Similarly, in patients with myxedema, or 

TABLE V 


Data on totally thyroidectomized dogs 


Date 

i 

Total 

serum 

magne- 

sium 

Per- 

centage 

magne- 

sium 

bound 

Remarks 

Dog (181) 

mgm. 
per cent 

\ 





March 22, 1940 

2.04 | 

4.9 

April 1, thyroidectomy 

April 8 

2.14 

3.7 

April 23 

2.16 

1 

i 

1 

2.7 

1 

May 1, thyroxin 2 mgm. 
daily intramuscularly be- 

May 10 

2.37 

15.6 

gun 

May 21 ...... . 

2.15 

i 

23.2 

May 21, thyroxin stopped 

June 4 

2.08 1 

25.4 

June 17 

2.11 | 

21.8 


July 2 

2.11 1 

5.2 


July 13 

2.07 

0.0 


September 10 . . 

3.51 

26.8 

Dog seriously ill, almost 
moribund 

September 10, thyroxin 2 
mgm. daily begun 

September 23 . . 

2.25 

0.0 

October 11 . . 

2.37 

0.0 


October 21 . . 

2.34 

28.2 


Dog (277) 




May 13 

2.71 

25.4 

^ May 14, thyroidectomy 

May 21 

2.28 

20.5 

June 17 

2.32 

27.5 


July 2 

2.22 

5.8 


July 13 

2.56 

41.0* 

Died 

Dog (288) 



1 

June 3 

2.32 

21.5 

June 6, thyroidectomy 

June 20 

2.34 

34.1 

June 27 

1.78 

35.4 


July 11 

1.93 

0.0 


July 13 

2.02 

0.0 


Dog (292) 




June 21 

2.07 

23.3 

June 20, thyroidectomy 

July 3 

1.94 

5.6 


July 8 

2.20 

0.0 


July 13 

3.26 

1 34.3* 

Died 


* These determinations were performed on blood drawn 
a few minutes before the death of the animals, when there 
apparently occurs a spontaneous preagonal increase in the 
percentage of bound magnesium. 
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in the totally thyroidectomized dog, the non-dif- 
fusible serum magnesium can be altered by the 
administration or withdrawal of thyroid extract. 
Here, too, a considerable period of time must 
elapse after administration or cessation of therapy 
before shift in the ionizable — non-ionizable mag- 
nesium ratio occurs. Such magnesium changes do 
not occur when thyroid extract is administered to 
dogs with intact thyroids or to normal individuals. 

SUMMARY 

1. Serum magnesium partition studies were con- 
ducted on 50 patients with proven Graves’ disease. 

2. In 6 of these patients the percentage of bound 
serum magnesium fell within the normal range 
level, that is 20 per cent or less. In 9 additional 
patients the results were borderline, that is the 
percentage of bound magnesium varied between 20 
and 25 per cent. In 35, there was a definite in- 
crease in the non-diffusible magnesium. The 
bound fraction in these patients varied between 
25 and 61.6 per cent of the total serum magnesium. 

3. There is no definite correlation between the 
percentage of bound serum magnesium and the 
basal metabolic rate. 

4. There is a definite relationship between the 
duration of the illness and the magnesium parti- 
tion. Thus, in patients with symptoms of Graves’ 
disease of more than 2 years, the non-diffusible 
fraction frequently tends to approximate normal 
levels. 


5. After adequate treatment with iodine there 
occurs a marked drop in the percentage of bound 
serum magnesium, which is further lowered after 
subtotal thyroidectomy. 

6. In patients with myxedema, as well as in 
totally thyroidectomized dogs, the non-diffusible 
serum magnesium fraction is extremely low and 
frequently is 0 per cent. This is the direct anti- 
thesis of the results obtained in Graves’ disease. 

7. After administration of thyroid extract or 
thyroxin to the myxedematous patients, and to the 
thyroidectomized dogs, the percentage of bound 
serum magnesium returns to approximately nor- 
mal levels. 

8. The increase or decrease of the percentage 
of bound magnesium occurs at the expense of the 
ionizable fraction, since the total serum magnesium 
remains unaltered. 
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READ BEFORE THE SCIENTIFIC SESSION 


The Relation of Sulfanilamide “Acidosis” to the Spe- 
cific Inhibition of Carbonic Anhydrase. By W. Barry 
Wood, Jr. and Cutting B. Favour (introduced by P. 
H. Long), Baltimore, Md. 

The cause of the “ acidosis ” which accompanies sulf- 
anilamide therapy is not known. Mann and Keilin sug- 
gested a possible relationship between the acid-base dis- 
turbance and inhibition of carbonic anhydrase. This en- 
zyme, contained in red blood cells, catalyzes the reaction 
H 2 C0 3 ^ C0 2 + H,0, and was shown to be specifically 
poisoned in vitro by unsubstituted sulfonamide derivatives 

(R-SO.NH,). 

Using the manometric method of Meldrum and Rough- 
ton, we have extended the studies of Mann and Keilin 
and have made the following observations which suggest 
that sulfanilamide “ acidosis ” is due to inhibition of car- 
bonic anhydrase: 

1. Sulfanilamide added to blood in vitro (10 mgm. per 
cent) reduced the enzymatic activity of the red cells to 
that of normal blood diluted 100 times. Sulfapyridine, 
sulfathiazole, and sulfadiazine did not affect the enzyme. 

2. The bloods of all patients receiving sulfanilamide 
showed low C0 2 combining powers and marked depression 
of carbonic anhydrase; the bloods of patients taking sulfa- 
pyridine, sulfathiazole, and sulfadiazine were normal. 

3. By dialysis experiments in vitro the reaction between 
sulfanilamide and carbonic anhydrase was shown to be 
reversible. 

4. When sulfanilamide was injected intravenously into 
dogs, inhibition of carbonic anhydrase and a marked fall 
in arterial C0 2 content occurred within two minutes. The 
lowering of the C0 2 content consistently followed in- 
activation of the enzyme. 

Human Sulfathiazole Sensitivity. Observations upon the 
Febrile , Leukocytic and Immunologic Response . By 
Theodore J. Abernethy, Samuel C. Bukantz, and 
John Minor (introduced by Theodore G. Klumpp), 
Washington, D. C. 

Single doses of sulfonamide drugs were administered 
to a patient exhibiting fever, rash, and leukocytosis dur- 
mg treatment of lobar pneumonia with sulfathiazole. 
Two grams of sulfathiazole, on the 6th day of normal 
temperature following cessation of therapy, induced fever 
and marked leukocytosis. Appreciable amounts of the 
drug were detected in the blood 2 hours after its oral ad- 
ministration, but the febrile and leukocytic reactions were 
delayed for 4 hours. Other blood studies were normal. 
Similar doses of sulfanilamide and sulfamethylthiazole, 
although accompanied by identical blood concentration, in- 
duced no reaction, while response to sulfapyridine was 
minimal. That sensitivity had been retained during these 
negative responses was indicated by the persistence of re- 


sponse to as small a dose of sulfathiazole as 0.5 gram, 
given subsequently. 

Skin tests of the sensitive patient, using saline solutions 
of the pure drugs, were negative. Attempts have been 
made to detect antibodies to coupled products of diazotized 
sulfathiazole and serum albumin, globulin, or resorcinol. 
Precipitation of these azo-antigens with the sensitized pa- 
tient's serum, as well as certain unrelated immune sera, 
has been found to occur. Observations upon the speci- 
ficity of this reaction and its application to the investiga- 
tion of toxic manifestations to sulfonamides have been 
made. 

Experimental and Clinical Studies on Gramicidin. By 
Wallace E. Herrell and Dorothy Heilman (intro- 
duced by Dr. B. T. Horton), Rochester, Minn. 

A bactericidal substance isolated by Dubos (J. Exper. 
Med., 1939, 70, 1 ; Ann. Int. Med., 1940, 13, 2025) from 
a soil bacillus has a marked bactericidal action against 
gram-positive bacteria. This substance is toxic for lab- 
oratory animals when administered by the intravenous 
route. We have recently shown that one of the toxic 
effects of this substance is its hemolytic activity. The 
crude substance (tyrothricin) consists of two fractions, 
tyrocidine and gramicidin, as reported by Hotchkiss and 
Dubos (J. Biol. Chem., 1940, 136, 803). They found 
gramicidin to be the more active against the gram-positive 
bacteria. 

Further studies in our laboratory have shown that the 
hemolytic effect of the crude substance is due to the pres- 
ence of gramicidin. Using the tissue culture technic, we 
have determined the amounts of tyrocidine and gramicidin 
necessary to inhibit the growth of a number of strains of 
common gram-positive pathogenic bacteria. Small amounts 
of gramicidin (0.0005 to 0.0025 mgm.) inhibit the growth 
of all strains of pneumococci tested. Slightly larger 
amounts (0.005 to 0.01 mgm.) are required to inhibit 
strains of hemolytic streptococci, whereas still larger 
amounts are necessary to prevent growth of Streptococ- 
cus faecalis, Streptococcus viridans, and Staphylococcus. 
Tyrocidine is much less effective than gramicidin against 
all of these organisms. These results are drawn from ap- 
proximately 2000 tissue culture preparations used in this 
study. 

Clinical experiences with the local application of 
gramicidin in the treatment of infections caused by gram- 
positive bacteria are reported at this time. Suitable meth- 
ods of applying this substance locally are also reported. 

Observations on the Use of " Gramicidin " (Dubos) in 
the Treatment of Streptococcal and Staphylococcal In- 
fections. By Charles H. Rammelkamp (by invita- 
tion) and Chester S. Keefer, Boston, Mass. 
Gramicidin is a bactericidal substance which was ex- 
tracted from certain soil bacilli by Rene J. Dubos in 1939. 
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It was capable of killing large numbers of gram-positive 
bacteria in vitro and it was found to be capable of pro- 
tecting mice which had been injected with fatal doses of 
pneumococci. 

The present report deals with the use of this substance 
in the treatment of hemolytic streptococcal and Staphylo- 
coccus aureus infections. The following facts emerge: 
(I) Relatively large amounts of gramicidin could be in- 
jected into the serous cavities of rabbits without produc- 
ing any toxic effects. ( 2 ) Hemolytic streptococcal em- 
pyema in rabbits could be cured following the injection 
of the material into the pleural cavity. Dosage and the 
time elapsing between the onset of infection and treat- 
ment were important in the outcome. (^) Staphylococcus 
aureus infections in closed cavities were much more re- 
sistant to treatment and larger doses were necessary. 
(4) As far as the evidence goes, it seems clear that super- 
ficial infections in man due to staphylococci and strepto- 
cocci respond in a satisfactory manner following the local 
application of the material. The dosage and the frequency 
of application require further study. 

Penicillin as a Chemotherapeutic Agent . By Martin H. 
Dawson and (by invitation) Gladys L. Hobby, Karl 
Meyer and Eleanor Chaffee, New York, N. Y. 

Fleming (1929) observed that a certain strain of peni- 
cillium produced a substance which exerted a marked 
antibacterial action. The substance was named penicillin. 
Chain et al (1940) reported that they had been able to 
obtain a considerable yield of penicillin. They showed 
that the substance exerted a remarkable antibacterial ef- 
fect both in vitro and in vivo against gram-positive Or- 
ganisms, including anaerobes of the gas gangrene group. 

Preparations of penicillin have been made in our lab- 
oratory which, in dilutions of one gamma per cc. inhibit 
the growth of 2,500,000 hemolytic streptococci. The 
effect appears to be bactericidal. Penicillin is also effec- 
tive against the following organisms: pneumococcus, 
Streptococcus viridans, Staphylococcus, CL welchii, CL 
sporogcnes and CL scptiquc. Penicillin is likewise effec- 
tive in vivo. Mice can be protected against 100,000,000 
lethal doses of hemolytic streptococci. In the dosage em- 
ployed little or no toxic effect has been observed. The 
methods of preparation are described, together with such 
information as is known concerning its chemical nature. 
Brief mention is made of the u?e of penicillin in human 
infections. 

A Study of Sulfonamide Inhibitors by the Use of a Soil 
Bacillus Which Decomposes p-Aminobcnzoic Acid . By 
George S. Mirick (introduced by Colin M. MacLeod), 
New York, N. Y. 

Substances inhibitory to the bacteriostatic action of the 
sulfonamide drugs arc widely distributed in nature, p- 
aminobenzoic acid is an active inhibitor in quantities too 
small to be detected by the sensitive but non-specific diazo 
reaction. The great inhibitory activity of />-aminobenzoic 
acid raises the question of its identity with the other 
sulfonamide inhibitors. 


A soil bacillus has been isolated which attacks ^-amino- 
benzoic acid, destroying at the same time its diazo reac- 
tion and its activity as a sulfonamide inhibitor. The 
bacillus is quite specific, attacking both free and acetylated 
/>-aminobenzoic acid, and o-aminobcnzoic acid, but not jh- 
aminobcnzoic acid. It attacks novocaine but not the 
methyl and ethyl esters of />-aminobenzoic acid and none 
of the other related compounds tested except p- amino- 
phenylacetic acid. 

The bacillus has been used to study naturally occurring 
sulfonamide inhibitors. It destroys the inhibitory activity 
of yeast extract, which confirms other evidence that this 
activity is due to />-aminobenzoic acid. It does not in- 
activate the inhibitor present in peptone broth or a strepto- 
coccus extract. In fact, the bacillus itself forms or re- 
leases an inhibitor when grown in inhibitor-free liver 
infusion. The inhibitors present in broth and strepto- 
cocci, and released by the bacillus in liver infusion, can- 
not be £-aminobenzoic acid since the microorganism de- 
stroys this compound. 


The Relation of Ascorbic Acid to Human Complement. 
By Wesley W. Spink and (by invitation) Ola? 
Michelsen and Suzanne Agnew, Minneapolis, Minn. 


It is stated that the titer of complement in guinea pig 
serum is quantitatively related to the amount of reduce 
ascorbic acid present. It is claimed that a deficiency o 
serum complement may be corrected by the ui vxvo ^ or 
in vitro addition of reduced ascorbic acid. The applica- 


tion of this knowledge to human beings is still a matter 
of controversy. In view of the importance of comp c 
ment in the immune mechanism, and the emphasis place 
upon the ascorbic acid requirements in human infections, 
we have investigated the relationship between complcmen 
and ascorbic acid in man. , 

Twenty-three patients having little or no re uctf 
ascorbic acid in their plasmas were given large doses o 
ascorbic acid intravenously. Ascorbic acid and compe 
ment titrations carried out simultaneously on blood spcci 
mens obtained before and immediately after the injections 
revealed no change in complement titer. The ^ ^ 
action of human complement in serums . deficient \ 
ascorbic acid could not be increased by the in vitro a ^ 
tion of the vitamin. Complement and ascorbic aci ^ we ^ 
found to be unrelated by other means. The activity ^ 
complement was shown to be independent of the P r< ^ n 
of reduced ascorbic acid by oxidizing the acid wi 10 
changing the titer of complement. Complementary a 
tivity was abolished by chemical and physical me 
without interfering with the reduced ascorbic aci • ^ 

Thus far, our investigations have failed to csta is 
relationship between the hemolytic action of comp em 
and ascorbic acid. 


The Effect of the Subcutaneous Injection of Histamtn ^ 
the Histamine Content of the Blood of Patients 
and Without Allergy. By Bram Rose (by mvi a 
and J. S. L. Browne, Montreal, Canada. ^ 

In previous studies it was noted that the symptoms 
allergy may be associated with marked fluctuations o 
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histamine content of the blood, as compared to the marked 
stability of the blood histamine content of normal persons. 

In order to investigate further the metabolism of hista- 
mine, the following procedure was carried out in 15 pa- 
tients with allergic disease and in 15 non-allergic patients. 
The blood pressure, pulse and histamine content of the 
blood were first determined and again at five, fifteen and 
thirty minutes after the subcutaneous injection of 1 mgm. 
of histamine phosphate. Any. other symptoms such as 
headache, flushing of the face, asthma or urticaria were 
also noted. 

It was found that in cases of allergy, there was either 
no change, or a definite decrease in the blood histamine 
level, even when symptoms such as tachycardia, flushing 
of the face or headache were at their height. On the 
other hand, most of the non-allergic cases showed a defi- 
nite increase in the blood histamine level when symptoms 
were pronounced, although a flat curve was also noted in 
several. 

From these results it appears that the symptoms of 
histamine intoxication may be manifest in patients even 
though the histamine content of the blood remains at a 
stationary level or even decreases considerably. 

The significance of these findings is discussed in rela- 
tion to the changes in the histamine content of the blood 
in allergic disease and surgical shock. 

Spectrophotometric Study of Acute Hemolytic Anemia 
During Sulfonamide Therapy with Detection of a New 
Blood Pigment — Methemalbumhu By Charles L. Fox, 
Jr* (by invitation) and Reuben Ottenberg, New York, 
N. Y. 

The acute hemolytic anemia of sulfanilamide and sulfa- 
pyridine therapy was studied in four cases (two fatal) to 
determine the possible role of the abnormal blood pig- 
ments known to occur in this type of therapy. 

Serum and urine containing the products of hemolysis 
and those erythrocytes which survived hemolysis were 
examined. Combined chemical methods and the objec- 
tive Hardy recording spectrophotometer were utilized. 

The red cells that survived hemolysis were essentially 
normal, containing but little methemoglobin. The urine 
contained very large amounts of hemoglobin and even 
larger amounts of methemoglobin up to 83 per cent In 
the serum, representing the contents of the cells that 
underwent hemolysis, were found from 400 to 1700 mgm. 
per cent of three blood pigments: hemoglobin, methemo- 
globin and, contrary" to expectation, not sulfhemoglobin 
but an entirely new pigment, methemalbumin. 

This new pigment, recently discovered by Fairley, was 
prepared by incubating human hemoglobin with human 
serum. Its visible absorption spectrum (calculated on 
iron content) was obtained. This resembled methemo- 
globin except that in the red region a plateau-like maxi- 
mum extended from X610 mM to X620 mu. 

Analysis of the results permits these conclusions: 

1. Sulfhemoglobin played no role. 


- 2. The cells that survived hemolysis were almost en- 
tirely free of methemoglobin, whereas the cells that under- 
went hemolysis apparently contained proportions of met- 
hemoglobin somewhat greater than occur in the cells of 
other patients who do not suffer acute hemolytic anemia. 

3. After hemolysis there is a rapidly progressive con- 
version of the hemoglobin and methemoglobin in the 
serum to methemalbumin. This conversion to a pigment 
which is not excreted in the urine may account for the 
fact that only a small portion (not over one-tenth) of the 
liberated hemoglobin and methemoglobin appeared in the 
urine and may explain the " conservation ” of blood 
pigments. Of the 500 to 700 grams of pigments liber- 
ated by the acute hemolysis, nine-tenths were rapidly re- 
moved from the circulation by extra renal mechanisms. 

The Use of Purified Bovine Albumin Solutions as Plastna 
Substitutes* By Charles A. Janeway and Paul B. 
Beeson, (introduced by Soma Weiss), with the techni- 
cal assistance of Mary A. Bradley, Anne Shwachman, 
and Thomas Thurston, Boston, Mass. 

The method of fractionation of plasma by equilibration 
with ethanol -water mixtures recently reported by Cohn 
and his associates makes possible the large scale prepara- 
tion of purified bovine plasma protein fractions. In col- 
laboration with Professor Cohn and his group, we are 
carrying out clinical and immunological investigations on 
these preparations, particularly the albumin, because its 
properties of low viscosity and great stability, solubility, 
and osmotic activity render it a theoretically ideal sub- 
stance for increasing and maintaining plasma volume in 
acute emergencies. 

Bovine albumin and gamma globulin, each prepared as 
one fraction in this method, approach homogeneity as 
measured by electrophoresis and in the ultracentrifuge, 
and show very slight immunological relationship to one 
another. Cross-reactions between anti-beef albumin sera 
and the ordinary therapeutic horse sera are slight and 
diminish with increasing purity of the albumin fraction. 

Beef albumin solutions will maintain blood volume in 
dogs with shock induced by bums, and very little of the 
injected albumin escapes in the urine. In man, the intra- 
venous injection of such solutions in varying amounts has 
been carried out in 16 subjects to date without untoward 
reactions, except for serum disease in one subject who 
had previously had serum sickness from horse serum. 
Much more work must be done before beef albumin can 
be evaluated as a therapeutic agent in shock, but the in- 
vestigations in progress indicate that it can be admin- 
istered safely to man and that it is retained in the blood 
stream satisfactorily. 

* Aided by a grant from the Proctor Fund of Harvard 
University and by a grant to Professor Edwin J. Cohn 
from the Administrative Committee of the National Re- 
search Council as recommended by the Executive Com- 
mittee of the Committees Advisory' to the Surgeons 
General. 
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Changes in Osmotic Pressure of Erythrocytes During 
Storage . Role in Causation of Transfusion Reactions . 
By Elmer L. DeGowin and (by invitation) John E. 
Harris, Joy Bell, and Robert C. Hardin, Iowa City, 
la. 

The amount of hemolysis in blood kept at 2° C. in the 
modified Rous-Turner dextrose-citrate preservative for 
30 days was approximately one-half that occurring in 
citrated blood during 10 days of storage. Maximum in- 
hibition of hemolysis during refrigeration required a con- 
centration of at least 3 per cent dextrose in the blood 
mixture. The cell volume and the erythrocyte fragility 
gradually increased during the storage of citrated blood. 
When the blood-dextrose-citrate mixture was collected, 
the cell volume increased about 50 per cent with a cor- 
responding change in fragility. This was due to dif- 
fusion of dextrose and water into the cells. The sugar 
could be washed out by physiologic saline, and normal 
fragility values could be obtained. There was an almost 
equivalent exchange between plasma sodium and cell 
potassium during storage but neither this nor the diffusion 
of chlorides, inorganic phosphorus, and lactic acid, nor 
pH changes could account for the secondary swelling. 

When a 10 per cent dextrose solution was substituted 
for the 5.4 per cent concentration in the blood-dextrose- 
citrate mixture, the initial swelling of the erythrocytes 
was obviated. During storage the cell contents became 
so hypertonic that, when transfused, they were hemolyzed 
by the serum of the recipient Sixteen hemolytic trans- 
fusion reactions were thus incurred. The excessive in- 
crease in osmotically active cell contents during preserva- 
tion constitutes another criterion governing the limitation 
of storage. Over 2500 transfusions of blood stored in the 
5.4 per cent dextrose-citrate solution have been adminis- 
tered. The storage limit of 30 days has proved satis- 
factory. 

Recent Advances in Clinical Medicine with the Aid of 
Artificially Prepared Radioactive Isotopes . By John 
H, Lawrence and (by invitation) Joseph G, Hamil- 
ton, L. A. Erf, and Charles Pecker, Berkeley, Calif. 

Radio-phosphorus has been shown to be selectively 
accumulated in the tissue infiltrated with leukemic cells of 
leukemic mice. The selective deposition of this radio- 
active substance in these tissues suggested that radio- 
phosphorus might be of therapeutic value in human 
leukemia since it appeared likely that the regions which 
had become infiltrated by leukemic cells would contain a 
relatively higher proportion of the administered radio- 
phosphorus than the uninvolved tissues, and thus be sub- 
jected to a selective irradiation from the accumulated 
radio-phosphorus. More than 100 patients with chronic 
lymphatic and myelogenous leukemia have undergone 
therapy with radio-phosphorus during the past three years. 
Out of this group, 30 patients had received no other form 
of therapy prior to the use of the radio-phosphorus. One 
of the patients in this second group has had a complete 
clinical and hemotological remission for two years, 2 for 
one year and 16 have had clinical remissions for 6 months 


or longer. A sufficient period of time for a thorough 
evaluation of this new type of therapy has not as yet 
elapsed, although it appears that more favorable results 
are to be expected than have been encountered with the 
conventional methods of treatment of the chronic leu- 
kemias. The complete absence of radiation sickness has 
been consistently observed in all of the patients treated 
with radio-phosphorus and no other toxic manifestations 
have been encountered with the therapeutic use of this 
material. The acute forms of lymphatic and myelo- 
genous leukemia have responded no better to radio- 
phosphorus than to pre-existing therapeutic methods, such 
as x-ray, radium, etc. Encouraging results have been 
noted in several cases of polycythemia vera which have 
received radio-phosphorus. 

Animal experimentation has demonstrated that radio- 
strontium is deposited in bone with a high degree of 
selectivity. In view of this observation, radio-strontium 
has been employed in the treatment of several patients 
suffering from generalized carcinomatosis which was 
characterized by widespread metastases in the skeleton. 
As yet no positive roentgenological evidence of regression 
of the bony metastases has been observed but some of the 
patients have had a considerable degree of relief from 
pain. 

Radio-iodine has been employed in the study of the 
metabolism of iodine by the thyroid glands of norma 
human controls and patients suffering from several dif- 
ferent types of thyroid disorders. It has been observe 
that, with the aid of radio-iodine, the thyroid glands o 
these different clinical entities handle iodine in a char 
acteristic manner. It has also been shown that it # 
possible to completely destroy normal thyroid glands m 
animals by the administration of radio-iodine^ wit ou^ 
producing demonstrable damage to the other tissues o 
the body. 

A Study of the Selective Absorption of Iron With 

Aid of its Radio-Active Isotope . By Carl V. 1 

Harold Roberts and Virginia Minnich (intro uce 

by D. P, Barr), St. Louis, Mo. 

The work of Hahn, Whipple and their associates has 
provided convincing proof that iron-deficient dogs a s°r^ 
larger quantities of iron than do normal animals. j 1 
there is considerable evidence that this is also true °r 
man, it has been demonstrated repeatedly, both by a an 
I studies and by the serum iron absorption curve tec me* 
that the normal human adult absorbs relatively M 
quantities when he is given therapeutic doses of vario 
iron salts. In order to clarify this apparent discrepan * 
we have re-studied the absorption of iron both m ® 
and in human subjects, using the serum iron 1 

technic and the method of Hahn and Whipple w 5IC 
quires the radioactive isotope of iron. 

It has been possible to confirm the fact tin 1 ^ 

deficient dogs absorb iron well, while norma am ^ 
show only minimal evidence of iron absorption. A ’° 
dogs, however, who have been subjected to^onc ^ 
hemorrhage seven days before receiving iron, a 
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quantities which closely approximate those absorbed by 
anemic animats* If animal whose iron reserves have 
been exhausted by repeated phlebotomy receives in one 
massive injection sufficient colloidal ferric hydroxide to 
replace all of the removed iron, and is studied immediately 
after the replacement, it is found that he absorbs the 
metal apparently as well as if there had been no replace- 
ment However, if seven or eight days are permitted to 
intervene between the time of iron replacement and the 
absorption study, then only minimal amounts of iron are 
absorbed. It has been demonstrated that the level of iron 
in the blood plasma is not the controlling factor which 
determines the extent of absorption. 

In contrast with the studies outlined above, we have 
continued to obtain evidence that the normal human sub- 
ject absorbs large quantities of iron when therapeutic 
doses are given, even though precautions are taken to as- 
sure the adequacy of iron reserves. 

The Selective Absorption of Radioactive Iron by Normal 
and Iron-Deficient Human Subjects, By Joseph F. 
Ross and Milan A. Chapin (introduced by James M. 
Faulkner), Boston, Mass. 

Investigations of iron metabolism with the artificially 
radioactive isotope, Fe a , have been extended to human 
subjects. Adults with normal blood and presumably ade- 
quate reserves of iron absorbed only very small quantities 
of the isotope. By contrast, patients with hypochromic 
anemia and presumably depleted reserves of iron assimi- 
lated large amounts of the element. 

Negligible amounts of iron were absorbed by patients 
with untreated pernicious anemia who, presumably, had 
adequate reserves of iron, even though the anemia was 
very severe. 

Large quantities of iron were absorbed by these same 
patients, however, after their iron stores had been de- 
pleted by producing active hemoglobin regeneration with 
liver extract therapy, by performing phlebotomies fre- 
quently, and by restricting the iron intake. This absorp- 
tion occurred even though the anemia had abated and was 
of mild degree. 

It would appear, therefore, that the reserves of iron in 
the body, and not the degree of anemia, determine whether 
or not iron is absorbed. It is possible that such selective 
absorption of iron is controlled by the amount of tissue 
iron present locally in the tissue of the gastro-intestinal 
mucosa. 

The Effect oj Foreign Surfaces on Blood Coagulation . 
By Eugene L. Lozner and F, H. L. Tayudr (intro- 
duced by George R. Minot), Boston, Mass. 

The effects on blood coagulation of glass, paraffin, col- 
lodion and a plastic (Lusteroid) were investigated. The 
platelet content of normal citrated plasma was varied by 
centrifuging at different speeds and the plasma was then 
placed in tubes of the four materials. Both the coagula- 
tion time of the plasmas on recalcification, and the clot- 
promoting activity of the plasmas for hemophilic blood, 
were found to be essentially independent of the platelet 


count. Of the various foreign surfaces investigated, glass 
appeared to exercise the greatest effect on shortening the 
coagulation time when the plasma was recalcified. The 
clot-promoting activity for hemophilic blood of normal 
plasma protected from a glass interface, and of the acid- 
precipitated globulin fraction derived from such plasma, 
was considerably less than that of similar preparations 
exposed to glass. It is concluded that certain foreign sur- 
faces modify blood coagulation by their effects on the 
factor in normal cell-free plasma concerned with its clot 
promoting activity for hemophilic blood rather than by 
their effects on platelet destruction. The implications of 
these findings to the blood coagulation reaction are dis- 
cussed. 

Metabolic Studies of the Utilization of Extra Dextrose 
by Patients with Controlled Diabetes Mellitus, By 
James A. Gheene and (by invitation) Ann David, 
Iowa City, la. 

Patients with controlled diabetes mellitus have been 
shown to utilize extra dextrose without an increase of 
insulin dosage. The mechanism of this utilization has 
been studied in 8 patients. There have been 27 observa- 
tions of 4-hour periods in a respiratory chamber during 
which the gaseous and nitrogen metabolism has been 
studied. The utilization of the dextrose of the diet was 
determined first. A few days later the utilization of the 
extra dextrose was ascertained following the ingestion of 
the diet plus 50 grams of dextrose. In 4 cases the extra 
dextrose was administered for from 4 to 6 days, when the 
second study was repeated. In 4 other cases the utiliza- 
tion of the dextrose equivalent of the diet was also ascer- 
tained and a few days later the utilization of the dextrose 
equivalent of the diet plus 50 grams of extra dextrose 
v T as determined. Very little of the extra dextrose was 
oxidized. Comparison of the non-protein respiratory 
quotients indicates that it was stored as glycogen. Only 
one respiratory quotient was above 1.00. A mild insulin 
reaction in 2 cases reduced the dextrose oxidized. 

The significance of these observations upon the treat- 
ment of diabetes mellitus is discussed. 

The Influence of Insulin on the Respiration of Human 
Diabetic Muscle in Vitro. By Henry T. Ricketts and 
F. J. Stare (introduced by C. Phillip Miller), Chicago, 
III 

The respiration of human diabetic muscle was studied 
by the Warburg technic in a glucose Ringer phosphate 
buffer with and without the addition of insulin. In 
muscle taken from patients with severe, poorly controlled, 

" insulin sensitive ” diabetes, insulin alone, or in one case 
only after the addition of fumarate, caused an increase of 
about 40 per cent in the respiration. This effect was not 
obtained in the muscle of “insulin resistant” diabetics 
(including two patients with coexisting acromegaly) or 
of non-diabetic individuals; nor was it observed in any 
case when pyruvate was substituted for glucose in the 
buffer. 
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In the case of one patient with severe diabetes, the 
oxygen uptake of the muscle removed prior to any treat- 
ment was definitely increased by the addition of insulin to 
the Warburg chamber, whereas no augmentation occurred 
in tissue obtained after the disease had been adequately 
controlled with insulin or in a third experiment performed 
several months later when the patient had become highly 
resistant to insulin, requiring from 500 to 3000 units per 
day. 

This is the first direct evidence of which we are aware 
that insulin has an effect on the respiration of human 
diabetic muscle. 

Factors Influencing Renal Excretion of Calcium in the 
Normal and in the Hyperthyroid State . By T. L. Alt- 
hausen and (by invitation) M. Stockholm and W. J. 
Kerr, San Francisco, Calif. 

Urinary excretion of calcium was studied in rats from 
the following aspects: (I) the effect of unrestricted, de- 
creased, and increased water intake; (2) the influence of 
variations in dietary calcium ; and (3) the effect of varia- 
tions in diuresis produced by xanthin diuretics. These 
experiments were performed in normal and in hyperthy- 
roid rats. 

Our data show that in normal rats the urinary excre- 
tion of calcium is directly proportional to the intake of 
water, to the dietary calcium, and to the degree of 
diuresis. 

Administration of thyroxin resulted in the customary 
rise of urinary calcium which paradoxically takes place 
in hyperthyroidism without hypercalcemia. Since our 
hyperthyroid rats approximately doubled their water in- 
take and ingestion of food (thereby receiving more cal- 
cium), and since thyroxin produces diuresis, it appears 
that these three factors explain the increased urinary cal- 
cium output in hyperthyroidism. Conversely, a decrease 
in water intake or in dietary calcium diminished the urin- 
ary calcium of hyperthyroid rats to normal levels, thus 
further supporting this conclusion. 

The bearing of this work and of our previous study of 
the calcium exchange of the intestine on various hypothe- 
ses explaining the negative calcium balance in hyper- 
thyroidism is discussed. Our studies suggest that thera- 
peutic administration of calcium should restore the cal- 
cium balance to normal. 

A Renal Concentration Test Employing Posterior Pitui- 
tary Extracts . By Wm. A. Sodeman and (by invita- 
tion) H. T. Engelhardt, New Orleans, La. 

We have abolished the long periods of water depriva- 
tion necessary in renal concentration tests by the use of 
the antidiuretic action of posterior pituitary extracts. 
Unprepared patients were given 0.5 cc. (10 units) surgical 
pituitrin and specimens collected at half-hour intervals. 
Specific gravity was determined with a pyknometer. This 
procedure was compared with a standard concentration 
test (modified Fishberg test), the standard concentration 
test plus pituitary extract, and with the administration of 
1600 cc. of water with and without pituitary extract. 


In 97 tests on 30 individuals results have been con- 
sistent. Posterior pituitary extract in unprepared patients 
invariably elevated the specific gravity to values which 
equalled or exceeded those obtained with water depriva- 
tion. Water diuresis (1600 cc.) was inhibited by the pi- 
tuitary extract with maintenance of low urinary volume 
and elevation of the urinary specific gravity. Results 
were similar in both normal and abnormal subjects. 

Pregnancy and angina pectoris are contraindications to 
the test. Hypertension is not. The dosage of pituitary 
extract used has not influenced the blood pressure. 

This test eliminates undesirable and unnecessary periods 
of water restriction. It may be used at any time of day 
on unprepared patients. 

Renal Blood Flozv, Filtration Rate and Tubular Ex- 
crctory Mass in Patients with Specific Toxemia of 
Pregnancy. By Catherine A. Welsh, Irwin Weuxn 
and Howard C. Taylor, Jr. (introduced by James A. 
Shannon), New York, N. Y. 

This report concerns the measurement of renal blood 
flow (diodrast clearance), filtration rate (inulin clear- 
ance), tubular excretory mass (diodrast T m ) and pheno 
red clearance in patients with specific toxemia of P re &' 
nancy. These observations were made on thirteen patients 
in fourteen pregnancies, both antepartum and postpartum, 
and in most instances on several occasions. 

The patients were seen early in pregnancy when 
exhibited no evidence of vascular or renal disease an no 
hypertension. In the last trimester, hypertension, protein 
uria and edema appeared in all. In seven, there was c ini 
cal cure after delivery, while in six, hypertension ias 
persisted. . 

We have studied eight normal pregnant women ) 1 
same methods. The results show that there is no c mngc 
in renal blood flow or filtration rate in normal pregnane 
Before delivery the patients with specific 
showed a slight reduction in filtration rate, a rena $ 
flow of normal value or distinctly above normal in som 
instances, and a somewhat reduced filtration fraction. 

After delivery, the filtration fraction increased m^a^ 
it became normal in the cured group and it rose to a ^ 
normal in the hypertensive group, in part because o ^ 
increase in filtration rate, and in part because o a 
crease in blood flow. The fall in blood flow was e Tt ^ 
in the hypertensive group. The postpartum, fin mg ^ 
the cured group are within normal limits, while t e ^ 
partum findings in the hypertensive group P rc ® cn 
picture of efferent arteriolar spasm and rena 5SC1 
such as that typically seen in essential hypertension. ^ 
The postpartum fall in renal blood flow and in ^ rC< ^ tcr 
filtration fraction were found in the first observation * ^ 
delivery, regardless of whether the blood pressur ^ 
fallen to normal or not. This demonstrates t m 
blood flow in these individuals is not determine so 
mean arterial pressure and must be relate 

vascular changes. . . « *j, the 

In respect to the genesis of hypertension in 
cured and hypertensive groups, it may be emp asl 
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these groups present a picture of sufficiency of renal 
blood flow, or actual renal hyperemia. Thus we do not 
believe that renal ischemia is primarily responsible for 
hypertension in toxemia of pregnanc>\ 

A Comparison of Pituitrin and the Antidiuretic Substance 
in Human Urine and Placenta. By George C. Ham * 
(introduced by Eugene M. Landis), Charlottesville, Va. 
The presence of an antidiuretic substance in the urine 
of patients with the toxemias of pregnancy (Teel and 
Reid, Endocrinology, 1939, 24, 297) has been confirmed. 
On the basis of Gilman and Goodman’s results in rats 
(J. Physiol., 1937, 90, 113), it has been assumed widely 
that this substance has its origin in the pituitary, but 
Walker (Am. J. Physiol., 1939, 127, 519) and Arnold 
(Arch. f. Exper. Path. u. Pharmakol., 1938, 190, 360) 
found that hypophysectomy did not affect the antidiuretic 
activity of the urine in animals. 

Because of this uncertainty, the antidiuretic substance 
of human and rat urine has been compared with com- 
mercial pituitrin and pituitary extracts with respect to 
dialysis through cellophane, ultracentrifugation, and urin- 
ary chloride excretion. Notable differences between pitui- 
trin and the antidiuretic substance of urine were observed. 
Placental extracts were found to have antidiuretic activity 
which closely resembled that of the urine concentrates 
from the same patients. 

The rat method of Burn (Quart. J. Pharm. and 
Pharmacol., 1931, 4, 517) was used with certain modifica- 
tions. With uniform water loads, by gavage, the solu- 
tions to be tested were injected intraperitoneally and the 
urine volumes of control and experimental groups were 
plotted against time. The areas of these curves were 
measured with a planimeter and the grade of antidiuresis 
was expressed in square inches. 

Ultracentrifugation. Samples of potent human urines 
were ultracentrifuged at 60,000 r.p.m. for 3 to 6 hours, 
divided into four fractions, and assayed for antidiuretic 
activity. In every case the fourth or bottom fraction 
showed the greatest activity. Conversely, varying dilu- 
tions of pituitrin solutions ultracentrifuged in the same 
manner showed no constant difference between the four 
fractions. The active principle of placental extracts, like 
the urine substance, was concentrated by ultracentrifuga- 
tion. 

Dialysis. The urine and placental antidiuretic factors 
are not dialyzable through cellophane, whereas the pitui- 
trin factor is dialyzable. 

Chloride excretion . It is well known that pituitrin in- 
creases the urinary chloride excretion and this was con- 
firmed. The antidiuretic substance in urine and placenta 
did not increase urinary chloride excretion. 

Crude extract . Commercial pituitrin is a hydrolytic 
product of the posterior pituitary gland and may there- 
fore consist of a smaller molecule than the native hor- 
mone, and thus fail to concentrate in the ultracentrifuge. 
Crude, saline extracts of fresh, frozen lobes of the pos- 
terior pituitary gland were found to be definitely anti- 

* Commonwealth Fund Fellow. 


diuretic and to increase urinary chloride excretion mark- 
edly. The antidiuretic factor and the factor which in- 
creases urinary chloride excretion were both dialyzable 
through cellophane and they were not concentrated by the 
ultracentrifuge. Further work with absolutely fresh 
press-juice is under way. 

Kidney extracts. Preliminary work shows that certain 
concentrations of heated kidney extract produce moderate 
antidiuresis, while other concentrations are conspicuously 
diuretic. Both weak and concentrated solutions increase 
the excretion of chlorides markedly, presumably due to 
their renin content. Further study of these two effects is 
being carried on. 

Conclusions 

1. The antidiuretic substance in human and rat urine 
has different physical and biological properties from the 
antidiuretic factor of pituitrin. 

2. The antidiuretic factor in placental extracts has in 
three respects, at least, the same physical and biological 
properties as the urine factor. 

Prostate and Serum “Acid” Phosphatase. By Alex- 
ander B. Gutman and (by invitation) Ethel B. Gut- 
man, New York, N. Y. 

Further studies have been made of ( 1 ) the physiologi- 
cal significance of the specific “ acid ” phosphatase pres- 
ent in high concentration in human prostate tissue, (2) of 
the usefulness of serum “acid” phosphatase determina- 
tions in the diagnosis of metastasizing prostate carcinoma. 

It has been found that “ acid ” phosphatase first appears 
in the prostate gland at puberty, either normally or arti- 
ficially induced; that the enzyme content of seminal fluid 
is extremely high, relatively constant for any one indi- 
vidual, and largely contained in the first cc. of ejaculate; 
that the enzyme may form part of an extracellular glyco- 
lytic system (analogous to intracellular erythrocyte phos- 
phatase), participating in the largely glycolytic metabo- 
lism of human spermatozoa. 

Invading prostate carcinomatous tissue secretes “ acid ” 
phosphatase into the circulating fluids where the enzyme 
can be determined and the primary tumor identified. Our 
experience with 62 cases of metastasizing prostate carci- 
noma, in 37 cases of prostate carcinoma without demon- 
strable metastases and in several hundred miscellaneous 
cases indicates that the serum “ acid ” phosphatase deter- 
mination is useful in detecting metastasizing prostate car- 
cinoma, and occasionally before this is possible by x-rays. 
Paget’s disease and other osteoplastic bone lesions can be 
differentiated. 

Nitrogen Balance in Cirrhosis of the Liver. By Joseph 
Post (by invitation) and Arthur J. Patek, Jr., New 
York, N. Y. 

Nitrogen balance studies were performed on 5 patients 
with cirrhosis of the liver, ascites, and Iwpoalbumincmia 
in order to determine whether the hypoalbumincmia was 
due to altered protein synthesis or to protein starvation 
caused either by low protein intake or by faulty assimila- 
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lion. Abdominal paracenteses were not done during the 
study periods. In 3 patients the nitrogen balance was de- 
termined for 48-hour periods at 2-week intervals for 1, 2, 
and 2 months, respectively. Two other patients were 
studied for 25 and 32 consecutive days. The patients were 
fed daily 1.5 to 2.0 grams of protein per kilo body weight. 

The results show that the fecal nitrogen was within 
normal limits. All patients were in positive nitrogen bal- 
ance. No correlated rise of scrum albumin was associated 
with this nitrogen retention. The serum globulin and non- 
protein nitrogen were unchanged. This type of balance 
pattern differs from that seen in nutritional hypoprotein- 
emia, in which a rapid rise of serum albumin follows pro- 
tein feeding. The findings indicate that patients with 
cirrhosis of the liver, ascites, and hypoalbuminemia can 
absorb and retain nitrogen from the food protein. How- 
ever, there appears to be a defect in the synthesis of 
serum albumin. 

Dietary Liver Disease in Rats . By Graham Webster 
(introduced by Joseph T, Wearn), Cleveland, Ohio. 
Rats given a diet of 8 per cent casein, 38 per cent fat, 
2 per cent cod liver oil, 5 per cent salts and 47 per cent 
rice starch with 20 gamma each of thiamin chloride and 
riboflavin or Brewer’s yeast Yz gram q.o.d, developed a dis- 
ease of the liver consisting of portal cirrhosis with oc- 
casional necrosis at the end of a 150-day period. They 
also exhibited nephrosis and cortical necrosis of the kid- 
neys. These lesions could be prevented by increasing 
casein to 18 per cent, by the addition of betaine 50 mgm. 
q.d,, and by diminishing fat. The addition of cystine 
5 mgm. q.d. and of cholesterol 2 per cent aggravated the 
disease and could be inhibited by the addition of betaine. 
Whole yeast 1 gram daily or molasses 2 grams daily, 
added to the original diet in place of some carbohydrate, 
prevented the lesions. Male rats of more than 250 gram 
weight were most susceptible to liver changes. Kidney 
changes occurred at any age. In the rats receiving added 
cystine there was an incidence of neoplasms in 20 per 
cent; 2 hepatomas, 1 carcinoma of the lung, 1 adeno- 
carcinoma of the pancreas and 1 unidentified retroperi- 
toneal tumor. No tumors occurred in any of the other 
rats used in the experiment. 

Studies on Blood Flow in the Gastro-intcsthial Tract of 
Man . By C. H. Richards and Stewart Wolf (by 
invitation) and H, G. Wolff, New York, N. Y. 

A method of measuring and recording changes in the 
blood flow of the intestinal mucosa has been developed. 
The essential element consists of a silver button, which 
carries a heater and a thermocouple, mounted on the sur- 
face of a balloon. The button is applied to the mucosa of 
the gut by inflating the balloon, and the temperature of 
the button is raised about 2° C. above body temperature 
bv connecting the heater to a suitable D.C. source. The 
reference thermocouple is maintained at body temperature. 
With constant heat supplied, the temperature of the button 
will be a function of the rate at which heat is conducted 
away by the blood flowing past it. 


Blood flow (temperature) is recorded by connecting the 
thermocouples to a galvanometer, the light reflected from 
its mirror varying the illumination of a photoelectric cell 
The current from this cell is then amplified and fed into 
a solenoid whose movable core carries a writing point. 

Pressure is recorded simultaneously by a similar sole- 
noid and amplifier controlled by the height of an Hg 
column in contact with a high resistance wire. 

It lias been shown by this method that contractions in 
the duodenum, ileum and colon are usually associated with 
a transient increase in mucosal blood flow. In fasting 
subjects the sight and smell of food were accompanied by 
a marked increase in flow in the duodenal mucosa. Ex- 
perimentally induced emotional states, e.g. } anxiety and 
resentment, may also augment the circulation in the 
duodenum. 

On the Mechanism of Insulin Resistance in Toxemic 
States . By Matthew Taubenhaus (by invitation) 
and Samuel Soskin, Chicago, 111. 

Previous work has clearly shown that the liver is a 
major factor in determining carbohydrate tolerance and 
the reaction of the whole animal to insulin. The study of 
the hepatic enzyme systems involved in these processes, 
and of the influence of toxin upon them, necessitates the 
frequent sampling of the liver for biological assay. J e 
present work was therefore done on normal dogs and on 
animals treated with diphtheria toxin. 

It is known that hepatic glycogenolysis normally pro 
ceeds by phosphorylosis, and that insulin acts upon t is 
system, although the exact point of action is still in ou t. 
The present work shows that toxemic hepatic damage 
inhibits the phosphorylating systems, and at the same tunc 
allows the blood amylase, which is normally exc u e 
from (or inactive within) the liver cell, to enter an 
break down glycogen. Insulin does not influence 1 
latter abnormal pathway of glycogenolysis and ^ enc Jv^ 
abnormally small response to insulin is exhibited. 1 
work also supplies a rationale for high carbo y £ 
therapy in insulin resistance on the basis of mass ac i 
on the amylolytic enzymes. 

The Excretion of Zinc Uroporphyrin in Idiopathic P°r- 
phyria. By C. J. Watson and (by invitation) Sam 
Schwartz. , . 

Five cases of idiopathic porphyria, either abdonfflj^ 
nervous, or mixed in type, have been studied during 
past three years. Three of the five cases died an 
examined at necropsy; two are living and have impro 
to some extent. - ^ 

All of the cases have been characterized by 
cretion of uroporphyrin in both urine and feces * 
'form of the zinc complex. The occurrence o ^ ro ^ c 
phyrin in the feces has hitherto not been descri e • ^ 
excretion of uroporphyrin as the zinc comp cx 1 
successive cases of this disease indicates that 2 inc u ^ 
phyria is a disease entity, and that excretion o ^ 
porphyrin as the zinc complex is the usual rat cr ^ 
unusual mode of elimination in so-called acu c 
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pathic porphyria. The site of formation of uroporphyrin 
and the significance of its combination with zinc have not 
been determined. 

' Except in one instance, neither free uroporphyrin nor 
its zinc complex has been found in the bile, gall stones, 
or duodenal contents. Zinc uroporphyrin was identified 
with certainty in the duodenal contents of one of the 
cases. The amount appeared to be relatively small in 
comparison with that noted in the urine and feces of the 
same case. The significance of this absence or relative 
lack of uroporphyrin in the bile, as compared with the 
urine and feces, is not yet clear. Two possibilities may 
be considered: (I) that the substance is formed in the 
bowel and deposited in part in the liver (where it has 
been found in large amounts at necropsy), another part 
passing into the general circulation and thence into the 
urine; (2) that the substance is formed in the body and 
excreted through the intestinal mucosa. This possibility 
is considered chiefly because of the known intestinal ex- 
cretion of zinc. 

In addition to the zinc complex of uroporphyrin, the 
urines of these patients regularly exhibited positive 
Ehrlich reactions, due chiefly to porphobilinogen. A 
simple method serving to distinguish this substance from 
urobilinogen is described. This depends upon chloroform 
solubility. The Ehrlich compound of urobilinogen is 
readily extracted with chloroform while that of porpho- 
bilinogen is not. 


Physiological Effects of Reduction of Internal Tempera- 
ture of the Body . By John H. Talbott, Boston, Mass. 


A marked reduction of the internal temperature of the 
body was achieved by the technique of Smith and Fay. 
Thirty-five experimental periods were studied in a group 
of 15 persons under 40 years of age. All were suffering 
from severe mental disorders but were essentially normal 
otherwise insofar as could be determined by clinical ex- 
amination of the internal organs. The experimental peri- 
ods varied from 24 to 72 hours. Internal temperatures as 
low as 75° F. were observed. Restoration of body tem- 
perature was uneventful and no serious complications or 
consequences were noted. Extensive physiological, bio- 
chemical, and clinical data were collected during each low 
temperature period. These concern ( 1 ) respiratory func- 
tion of the blood, (2) carbohydrate metabolism and (2) 


cardio-vascular-renal function. 

Changes m the third category are discussed in this 
communication. The size of the heart, as measured by 
the teleoroentgenogram, decreased slightly. Cardiac ar- 
rhythmias appeared when the rectal temperature fell below 
85° F. These and other variations were recorded on the 
electrocardiograph, A pronounced constriction of the 
arteries, veins and capillaries of the periphery" appeared 
early in each experimental period and persisted. The 
peripheral blood pressure was frequently unobtainable for 
several hours. The time for blood to pass from arm to 
nng was increased. Evidence of reduction of circulating 
lood in the interna! organs was obtained from the studies 
0 rcna l function. Clearance of inulin, creatinine and 


diodrast by the kidneys, as well as determination of maxi- 
mum tubular activity with high concentrations of glucose 
and diodrast in the blood, was investigated. AH measured 
functions of the kidney were reduced by as much as 50 
per cent. An approximate temperature coefficient was 
demonstrated, i.e., the lower the internal temperature of 
the body, the greater the reduction in kidney function. 
Following restoration of body temperature the kidney 
function was normal. 

The Comparative Effects of Liver and Kidney Disorders 
on the Proportions of Phosphatide Phosphorus , Free 
and Ester Cholesterol in Blood Serum . By Edwin F. 
Gildea and (by invitation) Evelyn B. Man, New 
Haven, Conn. 

Previously reported investigations, indicating that serum 
phosphatide phosphorus varies directly with changes in 
total cholesterol in normal, hyper- and hypothyroid and 
malnourished subjects, have led to a search for disorders 
in which this relation might be disrupted. 

In 14 of 30 patients with a number of symptoms of 
severe liver disease, the proportions of phosphatide phos- 
phorus to total cholesterol deviated markedly from the 
normal, the phosphorus fraction being relatively high. As 
the liver disease progressed, both lipoid components ulti- 
mately decreased to below normal levels. These changes 
tended to parallel the amount of reduction in esterified 
cholesterol. 

Similar data on 8 patients with nephrosis also revealed 
a disproportion between phosphatide phosphorus and 
cholesterol but in the opposite direction from that in the 
patients with liver disease. When remissions occurred in 
the nephrosis these lipoid components were restored to 
normal proportions. 

In 26 patients with chronic nephritis (chiefly glomerular 
in type in most cases), the amounts of phosphatide phos- 
phorus and cholesterol approximated normal proportions. 
Five of these patients, however, had abnormally high 
lipoids with comparatively low phospholipid phosphorus, 
as in the nephrosis cases. As the nephritis became more 
severe, the lipoids tended to fall to below normal levels 
and the lipoid components returned to normal proportions. 

In addition to demonstrating the intimate association of 
phosphatide and cholesterol metabolism, the above findings 
contribute to the already extensive data indicating that the 
liver plays a fundamental role in lipoid metabolism, and 
suggest that the kidneys may take a more important part 
in controlling blood lipoids than has commonly been at- 
tributed to them. 

Pathological Variations in Blood Pyruvic Acid * By 
Ernest Bueding, Herman Wortis and Martin H. 
Stein (by invitation) and Norman Jolltete, New 
York, N. Y. 

Cocarboxvlase (thiamin pyrophosphate) is necessary' for 
the normal catabolism of pyruvic acid. We have deter- 

* Aided by grants from the John and Mary R. Marklc 
Foundation and the Williams-Watcrman Fund of the 
Research Corporation, 
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tion. Abdominal paracenteses were not done during the 
study periods. In 3 patients the nitrogen balance was de- 
termined for 48-hour periods at 2-week intervals for 1, 2, 
and 2 months, respectively. Two other patients were 
studied for 25 and 32 consecutive days. The patients were 
fed daily 1.5 to 2.0 grams of protein per kilo body weight. 

The results show that the fecal nitrogen was within 
normal limits. All patients were in positive nitrogen bal- 
ance. No correlated rise of serum albumin was associated 
with this nitrogen retention. The serum globulin and non- 
protein nitrogen were unchanged. This type of balance 
pattern differs from that seen in nutritional hypoprotein- 
emia, in which a rapid rise of serum albumin follows pro- 
tein feeding. The findings indicate that patients with 
cirrhosis of the liver, ascites, and hypoalbuminemia can 
absorb and retain nitrogen from the food protein. How- 
ever, there appears to be a defect in the synthesis of 
serum albumin. 

Dietary Liver Disease in Rats. By Graham Webster 
(introduced by Joseph T. Wearn), Cleveland, Ohio. 
Rats given a diet of 8 per cent casein, 38 per cent fat, 
2 per cent cod liver oil, 5 per cent salts and 47 per cent 
rice starch with 20 gamma each of thiamin chloride and 
riboflavin or Brewer’s yeast % gram q.o.d. developed a dis- 
ease of the liver consisting of portal cirrhosis with oc- 
casional necrosis at the end of a 150-day period. They 
also exhibited nephrosis and cortical necrosis of the kid- 
neys. These lesions could be prevented by increasing 
casein to 18 per cent, by the addition of betaine 50 mgm. 
q.d., and by diminishing fat. The addition of cystine 
5 mgm, q.d, and of cholesterol 2 per cent aggravated the 
disease and could be inhibited by the addition of betaine. 
Whole yeast 1 gram daily or molasses 2 grams daily, 
added to the original diet in place of some carbohydrate, 
prevented the lesions. Male rats of more than 250 gram 
weight were most susceptible to liver changes. Kidney 
changes occurred at any age. In the rats receiving added 
cystine there was an incidence of neoplasms in 20 per 
cent; 2 hepatomas, 1 carcinoma of the lung, 1 adeno- 
carcinoma of the pancreas and 1 unidentified retroperi- 
toneal tumor. No tumors occurred in any of the other 
rats used in the experiment. 

Studies on Blood Floiv in the Gastrointestinal Tract of 
Man . By C. H. Richards and Stewart Wolf (by 
invitation) and H. G. Wolff, New York, N, Y. 

A method of measuring and recording changes in the 
blood flow of the intestinal mucosa has been developed. 
The essential element consists of a silver button, which 
carries a heater and a thermocouple, mounted on the sur- 
face of a balloon. The button is applied to the mucosa of 
the gut by inflating the balloon, and the temperature of 
the button is raised about 2° C. above body temperature 
by connecting the heater to a suitable D.C source. The 
reference thermocouple is maintained at body temperature. 
With constant heat supplied, the temperature of the button 
will be a function of the rate at which heat is conducted 
away by the blood flowing past it. 


Blood flow (temperature) is recorded by connecting the 
thermocouples to a galvanometer, the light reflected from 
its mirror varying the illumination of a photoelectric cell. 
The current from this cell is then amplified and fed into 
a solenoid whose movable core carries a writing point. 

Pressure is recorded simultaneously by a similar sole- 
noid and amplifier controlled by the height of an Hg 
column in contact with a high resistance wire. 

It has been shown by this method that contractions in 
the duodenum, ileum and colon are usually associated with 
a transient increase in mucosal blood flow. In fasting 
subjects the sight and smell of food were accompanied by 
a marked increase in flow in the duodenal mucosa. Ex- 
perimentally induced emotional states, c.g ,, anxiety and 
resentment, may also augment the circulation in the 
duodenum. 


On the Mechanism of Insulin Resistance in Toxcmc 
States . By Matthew Taubenhaus (by invitation) 
and Samuel Soskin, Chicago, 111. 

Previous work has clearly shown that the liver is a 
major factor in determining carbohydrate tolerance and 
the reaction of the whole animal to insulin. The study of 
the hepatic enzyme systems involved in these processes, 
and of the influence of toxin upon them, necessitates the 
frequent sampling of the liver for biological assay. T c 
present work was therefore done on normal dogs and on 
animals treated with diphtheria toxin. 

It is known that hepatic glycogenolysis normally pro 
ceeds by phosphorylosis, and that insulin acts upon t is 
system, although the exact point of action is still in dou < 
The present work shows that toxemic hepatic damage 
inhibits the phosphorylating systems, and at the same time 
allows the blood amylase, which is normally exc u e 
from (or inactive within) the liver cell, to enter an 
break down glycogen. Insulin does not influence 
latter abnormal pathway of glycogenolysis and * enc L * 
abnormally small response to insulin is exhibite * 
work also supplies a rationale for high carbo y ^ 
therapy in insulin resistance on the basis of mass ac i 
on the amylolytic enzymes. 


The Excretion of Zinc Uroporphyrin in Idiopathic Por- 
phyria. By C. J. Watson and (by invitation) SAM 
Schwartz. , . 

Five cases of idiopathic porphyria, either abdomm^ 
nervous, or mixed in type, have been studied during 
past three years. Three of the five cases died an 
examined at necropsy; two arfe living and have impi 
to some extent. 4 ^ . e3C . 

All of the cases have been characterized b> ^ 
cretion of uroporphyrin in both urine and feces in 
form of the zinc complex. The occurrence o ur 
phyrin in the feces has hitherto not been descri c . ^ 
excretion of uroporphyrin as the zinc comp ex 1 
successive cases of this disease indicates that zinc ^ 
phyria is a disease entity, and that excretion o 
porphyrin as the zinc complex is the usual rat icr ^ 
unusual mode of elimination in so-called acl1 
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pathic porphyria. The site of formation of uroporphyrin 
and the significance of its combination with zinc have not 
been determined. 

' Except in one instance, neither free uroporphyrin nor 
its zinc complex has been found in the bile, gall stones, 
or duodenal contents. Zinc uroporphyrin was identified 
with certainty in the duodenal contents of one of the 
cases. The amount appeared to be relatively small in 
comparison with that noted in the urine and feces of the 
same case. The significance of this absence or relative 
lack of uroporphyrin in the bile, as compared with the 
urine and feces, is not yet clear. Two possibilities may 
be considered: (I) that the substance is formed in the 
bowel and deposited in part in the liver (where it has 
been found in large amounts at necropsy), another part 
passing into the general circulation and thence into the 
urine; (2) that the substance is formed in the body and 
excreted through the intestinal mucosa. This possibility 
is considered chiefly because of the known intestinal ex- 
cretion of zinc. 

In addition to the zinc complex of uroporphyrin, the 
urines of these patients regularly exhibited positive 
Ehrlich reactions, due chiefly to porphobilinogen. A 
simple method serving to distinguish this substance from 
urobilinogen is described. This depends upon chloroform 
solubility. The Ehrlich compound of urobilinogen is 
readily extracted with chloroform while that of porpho- 
bilinogen is not. 


Physiological Effects of Reduction of Internal Tempera- 
ture of the Body . By John H, Talbott, Boston, Mass. 


A marked reduction of the internal temperature of the 
body was achieved by the technique of Smith and Fay. 
Thirty-five experimental periods were studied in a group 
of 15 persons under 40 years of age. All were suffering 
from severe mental disorders but were essentially normal 
otherwise insofar as could be determined by clinical ex- 
amination of the internal organs. The experimental peri- 
ods varied from 24 to 72 hours. Internal temperatures as 
low as 75° F. were observed. Restoration of body tem- 
perature was uneventful and no serious complications or 
consequences were noted. Extensive physiological, bio- 
chemical, and clinical data were collected during each low 
temperature period. These concern ( 1 ) respiratory func- 
tion of the blood, (2) carbohydrate metabolism and ( 3 ) 


cardio-vascular-renal function. 

Changes in the third category are discussed in thu 
communication. The size of the heart, as measured bj 
the teleoroentgenogram, decreased slightly. Cardiac ar- 
rhythmias appeared when the rectal temperature fellbelou 
85 F. These and other variations were recorded on th( 
electrocardiograph. A pronounced constriction of the 
arteries, veins and capillaries of the periphery appearec 
ear l/ in each experimental period and persisted. Tin 
Peripheral blood pressure was frequently unobtainable foi 
several hours. The time for blood to pass from arm tc 
ung was increased. Evidence of reduction of circulating 
ood in the internal organs was obtained from the studies 
0 renal function. Clearance of inulin, creatinine anc 


diodrast by the kidneys, as well as determination of maxi- 
mum tubular activity with high concentrations of glucose 
and diodrast in the blood, was investigated. All measured 
functions of the kidney were reduced by as much as 50 
per cent. An approximate temperature coefficient was 
demonstrated, i.e., the lower the internal temperature of 
the bod}', the greater the reduction in kidney function. 
Following restoration of body temperature the kidney 
function was normal. 

The Comparative Effects of Liver and Kidney Disorders 
on the Proportions of Phosphatide Phosphorus, Free 
and Ester Cholesterol in Blood Serum. By Edwin F. 
Gildea and (by invitation) Evelyn B. Man, New 
Haven, Conn. 

Previously reported investigations, indicating that serum 
phosphatide phosphorus varies directly with changes in 
total cholesterol in normal, hyper- and hypothyroid and 
malnourished subjects, have led to a search for disorders 
jn which this relation might be disrupted. 

In 14 of 30 patients with a number of symptoms of 
severe liver disease, the proportions of phosphatide phos- 
phorus to total cholesterol deviated markedly from the 
normal, the phosphorus fraction being relatively high. As 
the liver disease progressed, both lipoid components ulti- 
mately decreased to below normal levels. These changes 
tended to parallel the amount of reduction in esterified 
cholesterol. 

Similar data on 8 patients with nephrosis also revealed 
a disproportion between phosphatide phosphorus and 
cholesterol but in the opposite direction from that in the 
patients with liver disease. When remissions occurred in 
the nephrosis these lipoid components were restored to 
normal proportions. 

In 26 patients with chronic nephritis (chiefly glomerular 
in type in most cases), the amounts of phosphatide phos- 
phorus and cholesterol approximated normal proportions. 
Five of these patients, however, had abnormally high 
lipoids with comparatively low phospholipid phosphorus, 
as in the nephrosis cases. As the nephritis became more 
severe, the lipoids tended to fall to below normal levels 
and the lipoid components returned to normal proportions. 

In addition to demonstrating the intimate association of 
phosphatide and cholesterol metabolism, the above findings 
contribute to the already extensive data indicating that the 
liver plays a fundamental role in lipoid metabolism, and 
suggest that the kidneys may take a more important part 
in controlling blood lipoids than has commonly been at- 
tributed to them. 


Pathological Variations in Blood Pyruvic Acid * By 
Ernest Bueding, Herman Wortis and Martin H. 
Stein (by invitation) and Norman Jolliffe, New 
York, N. Y. 


^nianun pyropnosphate) necessary lor 
the norma l catabolism of pyruvic acid. We have deter- 

* Aided by grants from the John and Mary R. Markle 
Foundation and the Williams-Waterman Fund of the 
Research Corporation. 
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mined blood pyruvic acid levels in 280 individuals and 
have obtained the following results; 

1. In 39 normal adults, the fasting pyruvic acid level 
in the blood ranged from 0.77 to 1.23 mgm, per 100 cc., 
the average being LOO. 

2. In 79 individuals with “ functional ” psychoses and 
psychoneuroses, the values ranged from 0.71 to 1.29 mgm. 
per 100 cc., the average being 0.98. 

3. In 35 patients with organic neurological disease 
without evidence of nutritional deficiency, the values 
ranged from 0.63 to 1.17 mgm. per 100 cc., the average 
being 0.97, 

4. In 56 patients with various medical disorders not 
complicated by fever or nutritional deficiency, the values 
ranged from 0.49 to L31 mgm. per 100 cc., the average 
being 0.94. 

5. In 33 alcohol addicts who showed no evidence of 
acute peripheral neuropathy, the values ranged from 0.54 
to 1.12 mgm. per 100 cc,, the average being 0.92. 

6. In 38 cases associated with thiamin deficiency (acute 
peripheral neuropathy in alcoholics, Wernicke's syndrome 
and beriberi heart disease), the values ranged from 1,43 
to 3.63 mgm. per 100 cc., averaging 1,92. 

It has also been demonstrated that, following the in- 
gestion of glucose (1.75 mgm. per kgm.), there is a rise 
in blood pyruvic acid, and in normal subjects the curve 
follows a fairly characteristic pattern, generally returning 
to normal in three hours. 

Finally, evidence is presented to show that, in cases as- 
sociated with thiamin deficiency, the pyruvic acid curve 
following glucose ingestion is abnormally elevated, and 
fails to return to the fasting level. Following therapy 
with thiamin, the fasting pyruvic acid level and the 
pyruvic acid curve return to normal. 

The Effects of Tyrosinase on Arterial Hypertension. By 
Henry A. Schroeber and Mark H. Adams (by in- 
vitation) and Alfred E. Cohn, New York, N. Y. 

An attempt lias been made to learn something of the 
nature of the pressor substance or substances believed to 
be responsible for arterial hypertension. According to 
Holtz, decarboxylation but not deamination of certain 
amino acids occurs in the ischemic kidney, leading to the 
formation of pressor amines. As the most powerful 
pressor amines are phenols, tyrosinase was used. This 
phenolic oxidase was found to lower the blood pressure 
of rats and dogs made hypertensive as the result of ex- 
perimental renal ischemia. It was therefore injected into 
human beings. Twenty patients exhibiting arterial hyper- 
tension of various stages were given daily subcutaneous 
injections of this enzyme. In one there was little effect; 
in three the blood pressure fell to slightly lower levels. 
In the remainder it appeared that the disease temporarily 
was definitely altered. This was accompanied by changes 
in the level of blood pressure, regression of hemorrhagic 
and exudative lesions in the ocular fundi (eleven cases), 
diminution in the size of the heart in x-ray photographs 
(five cases), diminution in the level of the urea nitrogen 
in the blood without change in urea clearance (nine 


cases), increase in the clearance of urea (six cases) and 
disappearance of symptoms, such as headache (ten cases), 
palpitation (seven cases), dyspnea and orthopnea (two 
cases) and edema (one case). In nine, electrocardiograms 
were altered in the direction of norma!. 

This enzyme, a protein, acts as an antigen. In four 
individuals severe allergic reactions developed at the site 
of injection. Changes in the level of blood pressure oc- 
curred before these appeared. 

When injections were stopped, the blood pressure soon 
(within three to seven days) returned to its previous level. 
Subsequent series of injections were given to three pa- 
tients with similar results. Because this enzyme is spe- 
cific for phenolic compounds, it is believed that a phenolic 
substance common to some hypertensive states is altered. 
It is not yet known that this phenol is the pressor sub- 
stance but the fact that the pressor action* of angiotonin 
is directly inactivated by tyrosinase suggests that hy- 
pothesis. 

The Nature of the Arterial Hypertension Produced in 
Normal Subjects by the Administration of Angiotonin. 
By Robert W. Wilkins and (by invitation) Charles 
N. Duncan, Boston, Mass. 

Angiotonin administered intravenously in single doses 
or by continuous infusion to normal subjects caused in- 
creases of systolic and diastolic arterial pressure, rises o 
venous pressure, and decreases of vital capacity propor- 
tional to the dosage used. During the hypertension t icre 
was bradycardia, and a decrease in the stroke volume o 
the heart, resulting in a striking reduction of cardiac cm 
put (ballistocardiographic) . Teleoroentgenogram revea e 
usually a small increase in heart size, never a decrease. 
In the limbs there was often a decrease in blood ow as 
measured plethysmographically or by skin temperature, 
but usually within the normal range. Blood flow urin 
reactive hyperemia (after 5 minutes 1 arterial ® ccU ^ 10 ^ 
in the muscular segments increased with the rise o * 
terial pressure. Sympathetic vasomotor reactions 
retained, and the pressor response to the^ cold tes 
Hines and Brown was not altered. Circulation y 

increased, but remained within normal limits. Spina ^ 
pressure was not significantly changed. 'Mild symp 
of dizziness, substernal oppression, nausea or pa pi * 
were occasionally noted. The effects continued at as ^ 
level during a constant infusion, and they subside 
minutes after the cessation of the administration, wie 
infusion or single injection. 

Unilateral Renal Function hi Essential HypeAcnsion. By 
Herbert Chasis and Jules Redish (intro ncc 
William S. Tiliett), New York, N. Y. . 

The clearance method has been used in unilateral ^ 
in order to obtain evidence on the question as to v ^ 
unilateral renal ischemia is present in patients 
terial hypertension. , f jj CCr 

Twenty^ patients with essential hypertension * 3 ^ 

studied. The observation started with a cystoscop ^ 
animation, after which ureteral catheters were i 
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for a distance of 12 cm. The cystoscope was then re- 
moved and a urethral catheter was placed in the bladder 
in order to detect extra-catheter leakage. Urine and 
blood samples were collected in the usual manner of the 
clearance technique. Effective renal blood flow, filtration 
rate and tubular excretory mass were measured in the 
separate kidneys. Finally, retrograde pyelography was 
done in the supine and sitting positions. 

Diodrast clearance and Tm were measured in 10 pa- 
tients, using both ureteral and bladder catheter techniques. 
The results were in agreement. The unilateral methods 
also gave results in normal individuals which were com- 
parable to those obtained in a large series of normals 
studied by the bilateral technique. 

The absolute rate of glomerular filtration was usually 
reduced in hypertensive subjects. This has been inter- 
preted as indicating obliteration of glomeruli in both 
kidneys. 

The tubular excretory mass was reduced in every 
hypertensive subject studied. These findings are inter- 
preted as indicating a progressive destruction of renal 
tubular tissue. 

If those patients in whom renal hyperemia is present as 
a result of either increased glomerular pressure or im- 
potent tubules are omitted, the blood flow per unit of 
tubular mass was found to be subnormal in every kidney. 

This renal ischemia is primarily caused by efferent 
arteriolar constriction, since the reduction in blood flow 
is associated with an increase in the filtration fraction. 

The specific gravity of urine simultaneously collected 
from either kidney usually is similar, but occasionally the 
kidneys excrete different concentrations of urine at the 
same time, in spite of an equal blood flow, filtration rate 
and tubular mass. Observed inequality in urine flow is 
important in that excretory tests of renal function can 
readily be misinterpreted. Urinary dye concentrations 
may vary from the two kidneys and yet their blood flow 
and functional capacity may be equal. This point is also 
significant in intravenous pyelography, since differences 
in concentrations of diodrast referable solely to differ- 
ences in urine flow may result in differences in densities 
of the x-ray shadows. 

Abnormal pyelographic findings are not necessarily as- 
sociated with functional changes, and marked functional 
disparity in the two kidneys may not be associated with 
abnormal retrograde pyelograms. Many of the variations 
in uretero-pyelograms are believed to be without sig- 
nificance. 

. destruction of the renal parenchyma progresses 

in h} pertensive disease, the blood flow per unit of tubular 
secretory mass remains equal in the two kidneys. In no 
instance in this study was there any indication of a 
unilateral ischemic kidney. 


Adenomatous Hyperplasia of the Adrenal Cortex in . 
initial Hypertension. By James F. Rixehart and 
invitation) O. O. Williams and William S. Carp 
San Francisco, Calif. 


Adrenal glands removed routinely 
been carefully weighed and studied. 


at necropsy have 
In a series of 26 


cases of essential hypertension, the mean weight of the 
glands has been found to be approximately one-third 
greater than in a control group of 100 non-hypertensive 
cases. The enlargement is due to a nodular or adenoma- 
tous hyperplasia of the cortex. This is frequently quite 
striking and is found to some extent in practically all 
cases. Microscopically the cortical cells are arranged in 
irregular, tortuous columns. The cells are hyperplastic 
and show a high lipoid content. Changes of this type are 
infrequently seen in non-hypertensive cases. One of 4 
cases of glomerular nephritis and 2 of 9 cases of chronic 
pyelonephritis showed adenomatous hyperplasia of the 
adrenal cortex comparable to that seen in essential hyper- 
tension and 8 of the cases of chronic pyelonephritis showed 
more than the average amount of lipoid in the cortical 
cells. This suggests that some stimulation of the adrenal 
cortex may result from a renal type of hypertension. 
While the adrenal cortical hyperplasia which we have 
shown to occur commonly in essential hypertension may 
also be a second a ry effect, it is suggested that a primary 
hyperplasia and hypersecretion of the adrenal cortex might 
induce hypertension. In view of the anatomic evidence 
presented and other data cited, this possibility seems 
worthy of further investigation. 

Factors Causing Increase in Venous Pressure of the 

Loxvcr Extremities During Abdominal Operations . By 

David Davis and (by invitation) Samuel Gilman, 

Boston, Mass. 

The venous pressure in the lower extremities has been 
studied during and following abdominal and pelvic sur- 
gery"* Four factors produced appreciable increases in 
venous pressure: (I) packing or traction of certain 
structures such as the uterus or gall bladder; (2) the 
Trendelenburg position; ( 2 ) the abdominal binder; and 
(4) postoperative abdominal distention. 

During 7 operations on the uterus, 5 of which were for 
hysterectomy, increases in venous pressure above 40 cm. 
of water were maintained for one-half to one and one- 
half hours; in 5 operations there were transient rises 
above 60 cm. and in two, such rises were maintained for 
18 to 33 minutes. 

These increases were partly due to the Trendelenburg 
position. It was found that this position alone caused 
increases in venous pressure proportional to the angle of 
the table. In one case, for example, as the head of the 
table was dropped 10 degrees, venous pressure increased 
15.5 cm. ; at an angle of 20 degrees, 34.0 cm. ; and at an 
angle of 30 degrees, 49.0 cm. of water above the hori- 
zontal level. These increases generally persisted as long 
as the Trendelenburg position was maintained. Studies 
with Dr. A. S, Freedberg showed that the femoral-to- 
carotid sinus circulation time in dogs is considerably 
slowed with the assumption of the Trendelenburg 
position. 

In 2 of 3 operations for cholecystectomy less striking 
but appreciable rises in venous pressure were noted dur- 
ing packing or traction on certain structures. Few 
changes, on the other hand, were observed in the course 
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of 5 operations for unilateral inguinal hernia. The ap- 
plication of the binder in 3 of these, however, produced 
an immediate and significant rise in venous pressure; in 
one an increase of 12 cm. persisted during the 30-minute 
period of postoperative observation. In 2 patients with, 
postoperative distention the femoral venous pressures 
were elevated. 

With marked and at times prolonged increases in 
venous pressure the possibility of injury to the venous 
bed and subsequent thrombophlebitis must be entertained. 
Furthermore, factors causing increases in venous pressure 
either as a result of mechanical obstruction or irritation 
leading to contraction of veins may continue to operate 
in the post-operative course. A tight abdominal binder 
may retard venous circulation, and this is possibly true 
of a loose one when abdominal distention develops. 

Demonstration that the Cell Plasma Ratio of Blood Con- 
tained in Minute Vessels is Lozvcr than That of Venous 
Blood. By Eugene A. Stead, Jr. and (by invitation) 
Richard V. Ebert, Boston, Mass. 

Direct observation of the minute blood vessels has 
shown that the red cells flow in the rapidly moving cen- 
tral portion of the stream and that there is a slow moving 
clear layer of plasma adjacent to the wall of the vessel. 
Because of the size of this peripheral layer of clear plasma 
in the minute blood vessels, it has been suggested that 
the cell plasma ratio of blood contained in the minute 
vessels is lower than that of blood from the large vessels. 

The cell plasma ratio of the blood normally contained 
within the minute vessels has not been previously deter- 
mined because of the difficulty in obtaining a sample of 
this blood. Blood collected from a vein or from the 
cut ends of minute vessels is representative of the blood 
flowing from the minute vessels but it is not necessarily 
representative of the blood contained within the minute 
vessels. The blood contained within the minute vessels 
consists not only of the central core of red cells and 
plasma which is flowing rapidly into the veins, but also 
of the slower moving peripheral layer of plasma. 

A portion of the blood normally contained within the 
minute vessels was obtained by the following technique: 
(I) the arterial inflow to the arm was obstructed; (2) 
the blood from the larger vessels was removed by needle 
and syringe; ( 3 ) the blood normally contained within the 
minute vessels was then forced into the veins of the 
forearm by applying an Esmarch's bandage. 

In 15 experiments the hemoglobin concentration of the 
blood milked from the minute vessels was from 0.8 to 1.8 
grams lower than the hemoglobin concentration of venous 
blood. Determinations of serum protein concentration 
and of hematocrit reading showed that the lower hemo- 
globin concentration of blood normally contained within 
the minute vessels could not be accounted for by the 
entrance of extracellular fluid into the blood stream or 
by a shift of fluid from red cells to plasma. 

The following conclusions have been drawn; 

1. The venous blood is richer in cells and poorer in 
plasma than the blood contained within the small vessels. 


Therefore, the cell plasma ratio of blood drawn from 
artery, vein, or finger is not representative of the cell 
plasma ratio of the entire circulating blood. 

2. The value for the red cell volume as calculated 
from the plasma volume and hematocrit reading is 
falsely high because of the uneven distribution of cells. 
The value for the total circulating hemoglobin, as cal- 
culated on the basis of the plasma volume, hematocrit 
reading and hemoglobin concentration is also falsely high. 

3. It is not possible to quantitate accurately changes in 
plasma volume from the changes in hematocrit reading or 
hemoglobin concentration. 

Pituitary-Diabetes in the Cat Treated by Lotv Diet , In - 
sulin, Phlorhicin and Adrenalectomy . By F. D, W. 
Lukens and (by invitation) F. C. Dohan, Philadel- 
phia, Pa. 

Pituitary-diabetes in the cat provides a form of stable 
diabetes with a reversible island lesion (hydropic degen- 
eration for the first 3 months) in which functional re- 
covery of the animal and morphological restoration of the 
islands may be studied. Partially depancreatized cats 
which had recovered from the operation without diabetes 
were injected with crude saline anterior pituitary extract 
Until they remained diabetic after the extract was dis 
continued. We have described the recovery following in 
sulin treatment in such animals. This recovery was in e 
pendent of the severity of the disease, but was limite y 
the duration of the diabetes and the ultimate developmen 
of irreversible lesions (atrophy and fibrosis). Resutso 
methods other than treatment with insulin are now P re 
sented. , « 

Reduction in diet for 24 to 26 days was^ followe 
recovery in two cats with mild diabetes. This means 
on resuming their original diet they gained z 

the blood sugar remained normal. Five cats wit m 
erately severe diabetes were not controlled by a 
reduction in diet. Unlike insulin, the result from ie 
treatment is greatly limited by the severity of th^ lS ^ 
Diabetic animals recovered following the adminis r 
of phlorhizin for 2 to 3 weeks., Restoration of t e is 
also followed adrenalectomy. After adrenalectomy^ 
extent of functional recovery was uncertain. ® . 

procedures (low diet, insulin, phlorhizin, adrena e ^ 
have in common a favorable influence in this y 
diabetes, and all reduce the blood sugar to n ° rma ect5 
during treatment. As they differ in many ot er 
these methods should afford a new approac 
physiological analysis of this disease. 

The Relation of Magnesium to (he Thyroid ^ p. 
By Paul H. Lavietes and (by invitation) 

Dine, New Haven, Conn. ^ 

The observation of Soffer and his collaborato^^^ 
non-ultrafiltrabie, or bound, magnesium is c ^^ e( j enl a 
elevated in hyperthyroidism and is absent m ^ 

has been confirmed. The technique of ultra ^ 3 ; fl $ 

analysis has been modified. Bound xnagnesiu 
above normal after treatment of hypert yroi 
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iodine, a matter of considerable importance when diagnosis 
has been obscured by previous administration of iodine. 
In 7 patients with hypermetabolism without hyperthyroid- 
ism, bound magnesium was uniformly normal. Hyperthy- 
roidism was excluded in these patients by observations of 
normal scrum iodine and failure to respond to iodine 
therapy. Except for 5 cases of frank myxedema, in 
which bound magnesium was entirely absent, bound mag- 
nesium was observed to be below the lowest normal value, 
11.3 per cent, in only 4 instances. Collateral clinical and 
laboratory evidence is adduced to indicate that these cases 
may actually represent partial hypothyroidism. 

Data relating bound magnesium to iodine in serum sug- 
gest that magnesium may be an integral part of the circu- 
lating thyroid hormone, or of the complex in which the 
hormone functions. 

Protein-Bound Iodine in Blood Plasma. By William T. 
Salter and (by invitation) A. Merton Bassett and 
Albert H. Coons, Boston, Mass. 

Although hormone in the thyroid gland occurs as thyro- 
globulin, the protein-bound iodine in the blood plasma of 
man and of the horse was found to reside prominently 
in the traditional albumin fraction. The protein-bound 
iodine is subject to fluctuations, depending upon thyroid 
activity. Such fluctuations are due chiefly to the thy- 
roxine-like moiety thereof. Although the fraction re- 
sembling diiodotyrosine may vary proportionately, because 
of its small magnitude it contributes very little to the 
absolute increment. Despite variations in the protein- 
bound iodine, the inorganic iodine concentration is rather 
low and approximately constant. These findings suggest 
that the protein-bound moiety of plasma iodine may be 
used as an objective index of circulating thyroid hor- 
mone and, indirectly, as a measure of thyroid activity. 

A series of 94 cases was analyzed from this standpoint 
In about two-thirds of them the clinical diagnosis and the 
basal metabolic rate were consistent and there was a high 
correlation between the latter and the protein-bound 
iodine. Of the remaining one-third, the basal metabolic 
rate did not clearly reflect the clinical status, whereas the 
protein-bound iodine was more reliable. In hypothyroid- 
ism, plasma protein-bound iodine was consistently low 
and the thyroxine-like fraction thereof almost nil. Of 
special interest is the exophthalmic ophthalmoplegia 
group, classified as “ Graves’ disease without hyperthy- 
roidism,’' in which the basal metabolic rate was often 
within normal limits and the plasma protein-bound iodine 
was also normal. 

Collection of Iodine in the Thyroid as a Differential 
Criterion in the Diagnosis of Two Types of Graves * 
Disease. By S. Hertz and A. Roberts (introduced by 
J* H. Means), Boston, Mass. 

# another place a rather extended description of a spe- 
cial variety of Graves’ disease in which the eye sympto- 
matology is dissociated from the thyrotoxic element is de- 
scribed by Hertz, Means and Williams. We wish to 
present here data bearing on the difference in iodine 


metabolism in the two types of Graves’ disease, as deter- 
mined by the use of radioactive iodine as a tracer in the 
study of thyroid physiology. The pattern of collection of 
the iodine in the thyroid in ordinary Graves’ disease fol- 
lows a definite curve; the collection in the thyroid of the 
special variety has a differently shaped curve; and both 
of these are quite separable from the curve for normal 
patients. In general, the method used was as follows: 
one milligram of labelled iodine was administered by 
mouth, and the iodine uptake in the gland was measured 
at various time intervals by means of a Geiger-Muller 
counter externally placed over the thyroid. 

The Effect of Aluminum Hydroxide Ingestion on the 
Phosphorus and Calcium Disorders of Hypoparathy- 
roidism. By Fuller Albright and (by invitation) 
Charles H. Burnett, William Parson, and Hirsch 
W. Sulkowitch, Boston, Mass. 

Aluminum hydroxide has long been used in the produc- 
tion of experimental rickets in animals. It produces its 
effect by uniting with phosphates in the gastro-intestinal 
tract and preventing their absorption. Inasmuch as it has 
for several years been the opinion of those in this labora- 
tory that the disorder of calcium metabolism in hypo- 
parathyroidism is dependent on a more fundamental dis- 
order in phosphate metabolism, it seemed of interest first 
to determine whether the administration of aluminum 
hydroxide would lower the high serum phosphorus level 
in hypoparathyroidism by preventing phosphate absorp- 
tion and, secondly, whether it would elevate the low serum 
calcium value. Such was found to be the case, although 
the results were not quite those that would have been 
predicted. The studies include complete metabolic data on 
one patient. 

Replacement of Potassium by Sodium in Muscles of Nor- 
mal Dogs Receiving Desoxycorticosterone Acetate. By 
Joseph W. Ferrebee, Donald Parker, William H. 
Carnes, and Mildred K. Gerity (by invitation) and 
Dana W. Atchley and Robert F. Loeb, New York, 
N. Y. 

Normal dogs receiving daily subcutaneous injections of 
25 milligrams of desoxycorticosterone acetate develop dia- 
betes insipidus and attacks of profound muscular weak- 
ness. In experiments on six normal animals it was found 
that administration of desoxycorticosterone acetate caused 
an increase in intracellular sodium and a decrease in in- 
tracellular potassium of skeletal muscle, but no change in 
the extracellular water jacket of the muscle, that is, no 
change in the so-called chloride space. The changes in 
intracellular sodium and potassium concentrations could 
be prevented by the administration of potassium chloride 
which maintained a normal relationship of sodium to po- 
tassium in the cell and prevented the occurrence of 
paralysis. The diabetes insipidus was independent of the 
muscle electrolyte pattern and developed whether or not 
the animals were given potassium chloride. The diabetes 
insipidus could be correlated with the fact that all the 
animals receiving hormone had an elevation of serum 



446 


PROCEEDINGS OF THE THIRTY-THIRD ANNUAL MEETING 


sodium concentration. On the other hand, a high serum 
sodium concentration was not responsible for .the increase 
in muscle sodium. The serum sodium was elevated in the 
animals on potassium chloride in whom no disturbance of 
muscle electrolyte concentrations was observed. This 
latter circumstance offered evidence that sodium goes into 
muscle cells only when potassium comes out, that is, 
sodium will replace but not displace potassium. This view 
is consistent with the idea that desoxycorticosterone, by 
increasing the renal excretion of potassium, lowers the 
serum potassium concentration and shifts the equilibrium 
of potassium between serum and cell in the direction of 
an increased loss of potassium from the cell. 

The Peripheral Nature of the Muscular Weakness of 
Familial Periodic Paralysis . By George D. Gammon 
and A. M. Harvey, Philadelphia, Pa. 

Myograms made during the development of the attack 
show a gradually rising threshold to electrical stimulation 
of the motor point, failure of response to single shocks, 
then to stimuli below 15 per second, and finally complete 
failure to any frequency of stimulation. 

Electromyograms from the short flexor of the fifth 
finger are of low voltage and of nearly monophasic form 
in belly-tendon leads, but leads more closely spaced show 
increasingly diphasic responses. This suggests that the 
impulse fails to spread throughout the length of the 
muscle fiber. 

Circulatory obstruction of the arm during an attack 
lowers the threshold and increases tension and voluntary 
strength. The voltage of the electromyogram increases, 
and its form becomes more diphasic. 

The potassium salts restore strength and reverse the 
changes described above. At the onset of recovery a 
tetanus clearly augments the responses, Just as exercise 
will hasten recovery. 

In the attack the disturbance involves the muscle fiber 
and the action potential appears not to be conducted 
throughout its length. The defect is restored by 
maneuvers which probably increase the potassium out- 
side the muscle fiber, relative to that inside, by a loss 
of fiber potassium during exercise or asphyxia or by an 
increase of serum potassium from administration of the 
salt. 

Studies in Muscular Tension in the Neuroses. By Jurgen 
Ruesch (by invitation) and Jacob E. Finesinger, 
Boston, Mass. 

Muscular tension was studied in a series of 38 psycho- 
neurotic patients of varied diagnoses and 12 normal con- 
trol subjects by the use of two methods. The first method 
made use of a stylus, the point of which was attached to a 
rubber bulb to record the pressure exerted on the point 
(point pressure) during writing. The stylus was en- 
closed in another rubber bulb which was held by the 
subject during writing to obtain the grip pressure. Each 
bulb was connected by means of pressure tubing to a 
Marie tambour. The oscillations of the tambours were 
photographed on a moving film and in this way records of 


the point and grip pressure used during the writing of a 
standard paragraph could be calibrated and studied. After 
the records of handwriting and pressure had been made, 
the subjects were given a questionaire to determine their 
mental status with special reference to feelings of general 
and neuromuscular tension. The second method involved 
the study of electromyographic tracings obtained from the 
extensor and flexor forearm muscles of the same group 
of patients and control subjects while they were asked to 
make a fist at given time intervals. From the electro- 
myographic tracings the time taken for the motor activity 
and for relaxation could be measured. 

The results obtained indicated the following: 

1. The writing time for the patients was considerably 
greater than that of the control group. 

2. The patients showed a greater variation in both point 
and grip pressure than did the control subjects. 

3. Greater values for grip pressure were obtained in the 
group of patients than in the control group. 

4. The group of patients had a much shorter relaxation 
time between discrete muscular activity (making a fist) 
than did the group of normal controls. 

5. There was a strikingly positive correlation between 
high values for grip pressure and the presence of neuro- 
muscular tension as reported by the subjects. 

Involuntary Activity in Skeletal Muscle in Joint Disease. 

Electromyographic Observations . By Charles * 

Short and (by invitation) Alfred 0. Ludwig a n 

Robert S. Schwab, Boston, Mass. 

Muscle atrophy is one of the most disabling features of 
rheumatoid arthritis. The factors responsible have n0 
yet been established, although clinical and experiment^ 
evidence suggests a reflex mechanism from impulses se 
up in the diseased joints. # . < 

We have recorded electromyograms from patients wj 1 
joint disease by means of a Loomis ink-writing oscj 
graph. While the tracings of voluntary contractions 
demonstrated no constant deviation from the norma ^ 
many of the patients showed action potentials whi e. 
mobile and apparently relaxed. These usually consis t 
of a series of regular diphasic spikes at a rate 
from 6 to 15 per second and with an amplitude as U S ^ 
40 microvolts. Such patterns were found in 1 0 ^ 

patients with rheumatoid arthritis, as well as in 
rheal arthritis and joint limitation due to fixation, 
activity usually appeared and disappeared spontaneous^ 
might alternate from spot to spot within the muse c, 
might be present in one muscle related to a joint an 
in another at the same time. In certain cases, tic s ^ 
of spikes could be made to disappear on altering ^ 
position of the limb, but in other cases, it P crs j ^ 
uninfluenced by voluntary and reflex contraction o 
muscle. . C |j v - 

The nature and origin of this involuntary musc^ 4 ^ 

ity cannot be defined at present, but consideration is g 
to the possibilities that 
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1. It arises by a reflex path from impulses set up in the 
joint 

2. It is a factor in the production of muscle atrophy in 
joint disease. 

HEAD BY TITLE 

The Host Factor in Protection by Vaccine Immune 
Scrum. By R. F. Parker and (by invitation) R. H. 
Greek, Cleveland, O. 

Early experiments gave results which were interpreted 
as indicating that infection with the virus of vaccinia 
might follow the suitable introduction of a single viral 
particle. Later work indicated, however, that while this 
was true -for fully virulent strains, it did not hold when 
strains of lower virulence were tested, the evidence 
seeming to indicate that under these conditions it was the 
chance of entry of the virus into a susceptible cell which 
determined whether or not infection occurred. In re- 
spect to the proportion of cells susceptible, variation be- 
tween animals was observed. In the protection test with 
immune serum it has been found that, with increasing 
amounts of serum, the regularity of the titration curve 
decreased. The present experiments indicate that this is 
due primarily to variation between the response of in- 
dividual animals. It is suggested that the action of im- 
mune serum is to render a certain proportion of the host 
cells refractory to infection, and that animals differ in 
the proportion of cells so protected by a uniform con- 
centration of serum. 

The Weil-Felix Reaction in Proteus and Pyocyaneus In- 
jections. By F. Tremaine Billings, Jr. and Gustave 
J. Dammin (introduced by Clifford L. Derick), Bos- 
ton, Mass. 

The present study was suggested by the observation 
that the sera of many patients with Proteus and Pyo- 
cyaneus infections possessed high agglutinin titers for the 
Weil-Felix antigens. The incidence of positive Weil-Felix 
reactions was found to be higher in patients with these 
infections than in a large series of normal controls. 

In a group of 9 patients, 8 with Proteus infections and 
1 with a Pyocyaneus infection, agglutinin tests were car- 
ried out with Proteus OX m OX., OXK and the infecting 
organism. Of this group, 5 possessed agglutinins for 
Proteus OX, ,, in a serum dilution of 1 :40 or higher, and 
also for the infecting organism in high titer; the remain- 
ing 4 failed to show agglutinins for either OX„ or the 
infecting organism. Five patients agglutinated Proteus 
OX. in serum dilutions ranging from 1 : 40 to 1 : 5000, and 
8 agglutinated Proteus OXK in serum dilutions of 1:80 
to 1 : 2560. The sera of these 9 patients were absorbed 
with the infecting organism and in each instance it was 
possible to remove partially or completely the Weil-Felix 
agglutinins, indicating the presence of a common antigen. 

Rabbits immunized with these 9 strains developed strong 
Weil-Felix reactions. Six agglutinated Proteus OXK in 
dilutions of 1 ;2560 or higher; 7 agglutinated Proteus OX- 
in scrum dilutions ranging from 1 : 40 to 1 : 10000, and one 
rabbit developed a high agglutinin titer for Proteus OX,,. 


In each instance it was possible, with the immunizing 
organism, to absorb out the Weil-Felix agglutinins. 

It is concluded that a positive Weil-Felix reaction may 
develop during the course of Proteus or Pyocyaneus 
infections. In view of the general use of the Weil-Felix 
reaction in the diagnosis of rickettsial diseases, the results 
here reported suggest the need of greater care in inter- 
preting this non-specific test. 

Solubility Studies on the Oral Administration of Sodium 
Sttljapyridine. By Sidney S. Sobin (introduced by 
Arthur C. Curtis), Ann Arbor, Mich. 

Oral therapy with sodium sulfapyridine has been recom- 
mended by Ratish, Davidson, and Bullowa (J. Pharm. and 
Exper. Therap. 1940, 69, 365) as a procedure for rapidly 
achieving high blood levels. This procedure must as- 
sume an alkaline gastrointestinal medium to maintain 
the sodium salts in solution. We have investigated the 
neutralizing effects of gastric juice on sodium sulfa- 
pyridine and the clinical absorption of these drugs. 

Electrometric titration and quantitative sulfonamide 
determination of a 5 per cent solution of sodium sulfa- 
pyridine with gastric juice demonstrated that precipitation 
of the free base occurs with small amounts of gastric juice 
and is complete when the pH of the solution drops below 
8.5 to 9.0. 

Equivalent amounts of sulfapyridine and sodium sulfa- 
pyridine in aqueous solution or acacia suspension were 
administered to a group of patients. Blood levels of free 
drug were similar with both compounds. Some patients 
showed a more rapid rise but no higher peak (maximum 
level) with the sodium salt Administration of equal 
amounts of sulfapyridine in tablet form and in finely 
powdered suspension again showed similar curves but 
more rapid absorption with the suspension. This sug- 
gests that particulate size may be an important factor in 
absorption. 

Two patients showed an unexpected rapid high ab- 
sorption curve with sodium sulfapyridine. Neither had 
free fasting HC1. Repetition of the sodium sulfapyridine 
administration, after histamine had produced acidity, 
showed a response similar to that of the free base. The 
pH of the gastric juice in this and other cases showed 
only slight elevation with oral sodium sulfapyridine. 

Discrepancies in the Inhibition-Concentration Relationship 
of the Sulfonamides. By Jerome S. Harris and 
Henry L Kohn (introduced by David T. Smith), 
Durham, N. C. 

In the case of certain sulfonamide drugs, c.g., sulfa- 
pyridine in pneumonia, it is becoming apparent that the 
therapeutic effect is independent of the dose or blood con- 
centration over a fairly wide range. Although this para- 
dox may be due to factors in the host or host-parasite 
relationship, it may be explained, in part, by the response 
of the bacteria to changes in drug concentration. 

This may be demonstrated by comparing the inhibitions 
produced by varying concentrations of the sulfonamides 
on the growth rate of E. coli in proteose peptone medium. 
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Thus, raising the concentration of sulfapyridine from 2 
to 60 mgm. per cent merely increased the inhibition of 
growth from 74 to 80 per cent. Above and below these 
levels, the inhibition increased rapidly with increase in 
drug concentration. Similar results were obtained with 
sulfathiazole and sulfadiazine. However, raising the con- 
centration of sulfanilamide from 2 to 20 mgm. per cent 
increased the inhibition from 13 to 68 per cent. This 
suggests that raising the concentration of the sulfonamides, 
sulfanilamide excepted, may not produce the desired in- 
crease in therapeutic effect. 

To explain these results, we suggest that the sulfon- 
amides affect directly or indirectly a number of different 
bacterial metabolic systems at different concentrations. 
One such system, affected at low drug concentrations, is 
the synthesis of methionine in E. coli. 


Studies on Absorption of Sulfapyridine and Sulfathiazole. 

By J. Murray Kinsman and (by invitation) John 

Walker Moore, Louisville, Ky. 

In 1939 we studied the absorption of sulfapyridine fol- 
lowing the oral administration and following the rectal 
administration of its sodium salt. These studies were re- 
ported in part two years ago. In 1940, and to date in 
1941, we have been studying the absorption of sulfathia- 
zole. This has been administered orally and its sodium 
salt has been given rectally, intramuscularly and (lately) 
orally. 

This report deals with a comparison of the absorption 
of the drugs under the above conditions. 

Sulfapyridine is absorbed and excreted more slowly 
than sulfathiazole and maintains a higher blood concentra- 
tion for equivalent dosage. Because of the rapidity of 
excretion of sulfathiazole, to be effective, doses have to 
be given at more frequent intervals than for sulfapyridine. 
By rectum, very high blood concentrations can be obtained 
and maintained with sodium sulfapyridine but not with 
sodium sulfathiazole. Intramuscularly, sodium sulfathia- 
zole is slowly absorbed and gives blood concentrations 
much below what one would expect from corresponding 
oral doses of sulfathiazole; moreover, over a period of 
several days less than 25 per cent of the amount given 
can be recovered in the urine, indicating that some sort of 
protective coating may develop about the deposit in the 
muscle, preventing its ready absorption. The work on 
sodium sulfathiazole by mouth is in progress now, but so 
far it seems to indicate that the blood concentrations are 
lower than from the sulfathiazole itself. 

Sulfathiazole was given to one patient following a total 
gastrectomy, and blood concentrations were below the 
expected level. 


Protective Activity of Normal Human and Animal Sera 
for Sulfapyridine-T rented Mice Infected with Pneumo- 
cocci. By Sophie Spicer (by invitation) and Wheelan 
D. Sutliff, New York, N. Y. 

Using mice fed a diet containing 1 per cent sulfapyri- 
ine as test animals, blood sera from other mice, guinea 
,j gs , rabbits, rats, dogs, infant humans and adult humans 


were examined to find the relative activity of these sera 
in protecting against pneumococcus infection, Type I. 

The sera of dogs and adult humans increased the sur- 
vival rate of .sulfapyridine-treated mice. The sera of 
mice, guinea pigs, rabbits, rats and human infants did not 
increase the survival rate of sulfapyridine-treated mice. 

Further studies of fresh serum as compared with heated 
or " old ” serum showed that the protection partially dis- 
appeared on heating or on standing. The residual ac- 
tivity in “ old ” serum was destroyed by absorption with 
homologous type-specific pneumococcus cultures. 


Variations in Complement Activity of Blood Serum in 
Pneumonia . By David D. Rutstein and William H, 
Walker (introduced by L, Whittington * Gorham), 
Albany, N. Y. 

The complement activity of 34 specimens of blood 
serum from 25 normal individuals and all but one of 47 
specimens from 47 pneumonia patients following recovery 
fell within the narrow range of 0.00226 to 0.00660 ml. 

The blood serum of 10 of 62 patients (16 per cent) 
showed, at the time, of admission to the hospital during 
pneumonia, a marked drop ranging from 0.00773 ml. to 
complete failure of hemolysis with the largest amount of 
serum tested, ?>., 0.2 ml. of undiluted scrum. 

The serums from 7 of 12 pneumonia patients observed 
immediately before and after the administration of the 
initial therapeutic dose of antipneumococcic serum showed 
a striking drop, following serum administration, to a 
similar low range of complement activity. 

The serums from all of 12 pneumonia patients observed 
immediately before and after the administration of the 
initial therapeutic dose of sodium sulfathiazole or sodium 
sulfadiazine showed no significant changes in complement 
activity following serum administration. 

During serum sickness, following recovery from pneu- 
monia, serums from 6 of 11 patients showed similar sharp 
decreases in complement activity which returned to nor- 
mal following recovery from serum disease. 

•Except in one instance, the complement activity of 
guinea-pig serum was not inhibited by these serums of 
low titer after heat inactivation. 

Studies on Leptospira / Infections . By Thomas G. Ward 
(by invitation) and Thomas B. Turner, Baltimore, 
Md. 

Since September of last year Leptospira icterohemor - 
rhagiae has been recovered from three cases of Weil's 
disease in Baltimore. Two of these patients, brothers, 
aged nine and eleven, were infected by drinking water 
from a well in which leptospira virulent for guinea pigs 
were repeatedly demonstrated. Another case was traced 
to the same source. The third patient from whom the 
organism was recovered worked as a chicken picker in an 
establishment where rats were abundant. Virulent lepto- 
spira were demonstrated in the rats. 

Agglutination and complement fixation tests have been 
made on sera from over 400 persons belonging to various 
groups in Baltimore with the following result : 
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Group tested 

Number tested 

Per cent 
positive 

Chicken pickers 

74 

18.9 

Meat packers 

48 

6.2 

Candy makers 

24 

0 

Medical students 


0 

Hospital patients i . 

164 

4.9 

Miscellaneous 

29 

20.1 

Total 

404 

7.7 


The complement fixation is positive in only about one- 
half the sera showing positive agglutination. Rarely are 
complement fixing antibodies demonstrable in the absence 
of agglutinins. 

Previous studies have shown that approximately one- 
third of the wild rats in Baltimore harbor L. icterohemor- 
rhagiae . The foregoing data indicate that, in occupations 
entailing immersion of the hands in water open to con- 
tamination by rats, the risk of leptospiral infection is 
considerable. 

Five strains of L. icterohemorrhagiae isolated locally 
from three human cases, a rat, and well water, respec- 
tively, show cross agglutination and complement fixation 
in high titer, and differ markedly in this respect from a 
strain of L, canicola isolated from a dog. 

The following conclusions may be drawn: 

1. Weil’s disease is more common in Baltimore than 
previous records indicate. 

2. The risk of infection is greatest among persons 
whose work brings them into contact with water con- 
taminated by rat urine. 

3. The agglutination reaction is commonly positive in 
higher titer, and over a longer period of time than is the 
complement fixation test. 

Sensory Neuron Degeneration in Young Pigs. Protec- 
tion by Various Liver Extracts and Certain Vitamins. 
Antianemic Effecitvetiess of Livers of Ataxic and N on- 
ataxic Pigs . By M. M. Wintrobe and (by invitation) 
Cecil Mushatt, Joseph L. Miller, Jr., Lawrence C. 
Kolb, and H. J. Stein, Baltimore, Md. 

The observed efficacy of whole liver in protecting pigs 
against degenerative changes in the nervous system led to 
the investigation of the value of the various fractions of 
whole liver obtained during the manufacture of parenteral 
liver extract. The most effective fraction was an alcohol- 
soluble filtrate obtained after passage through permutit 
(parenteral anti-pernicious anemia liver extract, Parke 
Davis) ; the remaining fractions were relatively less ef- 
fective in the following order: the residue after acid and 
heat treatment of whole liver (“press cake”), the frac- 
tion insoluble in 70 per cent alcohol (“ Whipple ” frac- 
tion) and the permutit absorbate. None of the fractions 
gave complete protection in all pigs in the doses used. 

Preliminary observations suggest that certain of the 
newly synthesized “ B 3 complex ” vitamins afford protec- 
tion. The content of these vitamins in the various liver 
fractions has been assayed. 


In assays which are not yet complete the livers of ataxic 
pigs seem to be less effective in the treatment of per- 
nicious anemia than those of normal pigs. 

The relationship of these observations to pernicious 
anemia is discussed. 

The Chemical Determination of Nicotinic Acid Deficiency. 
By Henry Field, Jr., Daniel Melnick, W. D. Robin- 
son, and C. F. Wilkinson, Jr., Ann Arbor, Mich. 

The application of the cyanogen bromide reaction which 
we have used yields values for blood nicotinic acid higher 
than those reported by other chemical methods and in 
good agreement with determinations by different biologi- 
cal methods. Confirming most of the reports of deter- 
minations by biological methods, we have not found any 
significant difference in the nicotinic acid contents of the 
bloods of normal and deficient subjects. Using various 
types of dosing for " saturation tests/' we have not found 
that nicotinic acid is removed from the blood of pellagrins 
faster than from that of normal subjects. 

The determination of nicotinamide in urine is compli- 
cated by the presence of other pyridine compounds which 
react similarly. Trigonelline, the methylated form in 
which the greater part of nicotinic acid is excreted, oc- 
curs preformed, without antipellagra activity, and is 
widely distributed in vegetable materials, predominantly 
coffee. Depending upon the individual, a variable frac- 
tion of nicotine is excreted which reacts like nicotinic acid, 
A larger fraction of nicotine excreted behaves on hy- 
drolysis like trigonelline. The hydrolytic behavior of 
trigonelline permits its differentiation from other pyridine 
compounds and at least semi-quantitative analysis. 

Twenty-four-hour urine specimens collected during ab- 
stinence from coffee, tobacco, tea and chocolate have 
shown a secretion of nicotinic acid averaging distinctly 
less in deficient than in normal subjects, but not con- 
sistently less. 

The difference in the urinary excretion of trigonelline 
in normal and deficient subjects was much greater and 
much more consistent. It appears that, with a standard- 
ized basal regime and a more quantitative recovery, the 
urinary excretion of trigonelline may be the best chemical 
indication of nicotinamide deficiency. 

The Effect of Unilateral Paralysis of the Diaphragm on 
the Respiratory Mechanism. By George W. Wright 
and Warriner Woodruff (introduced by William S. 
McCann), Trudeau, N. Y. 

The effect of paralyzing one-half of the diaphragm on 
the role played by each lung in regard to minute ventila- 
tion, oxygen consumption, and carbon dioxide output has 
been studied previously in animals. Unsatisfactory tech- 
nique, differences in the anatomy of the mediastinum and 
possible differences in the relative role played by the 
diaphragm in normal respiration have strongly militated 
against applying these observations to the human subject. 
Using the technique of bronchospirographv as described 
by Jacobaeus and modified by Gebauer, we have studied 
the minute ventilation, oxygen consumption and carbon 
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dioxide output of each lung simultaneously with the pa- 
tient at rest before and after paralysis of one-half of the 
diaphragm. In each of the five cases there was a reduc- 
tion (12 to 21 per cent) in the minute ventilation, oxygen 
consumption and carbon dioxide output on the paralyzed 
side. No signifigant change was found in the arterial 
hemoglobin saturation. The vital capacity tended to be 
slightly reduced, although the maximum minute ventila- 
tion showed no reduction. The resting respiratory rate 
was increased moderately. 

Effect on the Lung Volume of Postural Changes in Pa- 
tients with Orthopnea Due to Congestive Failure . By 
M. D. Altschule and (by invitation) N. Zamcheck 
and A. Iglauer, Boston, Mass. 

A number of authors have attempted to explain the 
orthopnea of cardiac decompensation on the basis of in- 
creased congestion of the lungs when the patient assumes 
the recumbent position. Variations in the degree of pul- 
monary congestion should cause changes in the volume of 
the pulmonary air. Accordingly, the various subdivisions 
of the total lung volume were measured by the method of 
Christie and Meakins in various positions in patients with 
congestive failure and orthopnea. Only patients with 
mild or moderate orthopnea could be studied, since severe 
orthopnea made it impossible to secure satisfactory meas- 
urements. 

In the patients studied the volume of the residual air 
was not changed in recumbency. It is clear that in- 
creased dyspnea in the recumbent position was not due to 
an increase in the degree of pulmonary congestion. Simi- 
larly, the partial relief of dyspnea obtained by assuming 
the upright position was not due to lessened pulmonary 
congestion. Other pulmonary factors are, however, im- 
portant in the genesis of the orthopnea of congestive fail- 
ure. Decreases in reserve air occur regularly when the 
recumbent position is assumed. This decrease in reserve 
air has been reproduced in the upright position by apply- 
ing a tight abdominal binder and therefore appears to be 
the result of elevation of the diaphragm by the abdominal 
viscera. This elevation of the diaphragm impedes re- 
spiratory action and also makes the intrapleural pressure 
more positive, thereby further increasing the work that 
must be done to maintain a given level of respiratory ac- 
tivity. It is not to be inferred that orthopnea is due solely 
to these mechanisms ; additional studies have stressed the 
role of intracerebral factors in its genesis. 

Mechanisms of Respiratory Failure under Barbiturate 
Anesthesia ( Evipal , Pentothal ). By Henry K. 

Beecher and (by invitation) Carl A. Moyer,* Boston, 
Mass. 

Although the variability of effect of the barbiturates is 
well known, its causes are obscure. Since respiratory 
failure plays an important part in death under these 
agents, the respiration has been used as a means of in- 
vestigating, in dogs, several factors responsible for the 

* Fellow of the National Research Council. 


variability of barbiturate effect. Evipal and pentothal 
have been studied. Since the barbiturates are qualita- 
tively very similar in their actions, it is probable that the 
mechanisms described here apply to many members of the 
group. The respiratory response to the barbiturates 
when the blood oxygen is below normal, and the effect of 
low oxygen in temporarily masking serious overdosage, 
have been observed and considered in detail. The effect 
of a high oxygen content of the blood in depressing 
respiration under the barbiturates has been confirmed. 
The serious possibilities inherent in this action are now 
evident when considered together with the loss of sensi- 
tivity of the respiratory center to carbon dioxide under 
the barbiturates. This loss of sensitivity of the respira- 
tory center results in a dangerous piling up of carbon 
dioxide in the blood. An increased sensitivity to small 
doses of barbiturates was observed when the blood carbon 
dioxide level was elevated. Finally, it was found that 
reflex respiratory failure could be produced by a slight in- 
crease in pressure in the airway when the subjects were 
deeply anesthetized and breathing one hundred per cent 
oxygen. This study provides information which helps to 
explain obscure accidents, particularly “ sudden death 
without warning/' under these agents and furnishes surer 
guides than have been available for the prevention of 
accidents in the future. 

Pathogenetic Mechanisms in Hemolytic Anemia . By 

William Dameshek and (by invitation) Edward B. 
Miller, Boston, Mass. 

Hemolytic anemia develops when certain blood-destroy- 
ing factors overbalance those concerned with blood forma- 
tion. Previous studies indicated (a) that hemolysins are 
important in both clinical and experimental hemolytic 
anemias and ( b ) that spherocytosis and increased hypo- 
tonic fragility are probably the result of hemolysin ac- 
tivity upon red cells outside the bone marrow. 

“ Hypersplenism ” may explain some cases in which 
splenectomy results in cure and in complete disappearance 
of spherocytes. The stasis-agglutination theory of Ham 
and Castle fails to explain the presence of easily demon- 
strable hemolysins in various cases and the absence of 
hemolytic anemia in conditions of marked stasis, t.e,, 
polycythemia vera and splenic vein thrombosis. 

Our recent experiments demonstrate that the normal 
erythrocyte may be damaged by (a) u simple ” hemolysins 
which act directly (6) by “ complex " hemolysins, includ- 
ing first “ sensitization ” of the red cell, then hemolysis 
due to complement activity and ( c ) by agglutinins. Red 
cells sensitized either by complex hemolysins or aggluti- 
nins are very fragile to mechanical means and thus liable 
to ready hemolysis in the circulation. Incompletely 
hemolyzed red cells— spherocytes— possess a diminished 
resistance to stasis. The factor of stasis appears to be 
less important than that of mechanical fragility or com- 
plement activity. 

Hemolytic syndromes are due to a variety of agents— 
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hemolysins, agglutinins, hereditary factors— which injure 
the red cell and make it vulnerable to erythrostasis, me- 
chanical trauma in the circulation, complement activity, 
etc. In testing red cells in hemolytic anemia, the factors 
of mechanical fragility, reaction to abnormal pH, etc. 
may be as important as that of an abnormal hypotonic 
fragility. 

Hemolytic Action of Certain Organic Oxidants Derived 
from Sulfanilamide , Phenylhydrazine and Hydro - 
quinone. By Charles P. Emerson (by invitation), 
Thomas Hale Ham and William B. Castle, Boston, 
Mass. 

In order to explain the mechanism of the increased 
osmotic fragility of red blood cells, hemoglobinemia and 
hemoglobinuria observed in the acute hemolytic anemia 
of certain patients receiving sulfanilamide, the effect of 
possible metabolic derivatives of sulfanilamide, including 
/>-aminophenol and phenylhydroxylamine, was investigated 
in vitro and in cats and compared to the effect of phenyl- 
hydrazine, hydroquinone and some related compounds. 

Human or cat erythrocytes were incubated for from 
4 to 24 hours at 37° in serum or In buffered salt solution 
(pH 7.4) in the presence of oxygen with and without 
each drug in a concentration of 4.5 millimoles. Those 
compounds, or their derivatives, which may form oxidants 
in oxidation-reduction systems, namely, hydroquinone, 
^-aminophenol, hydroxyl amine, phenylhydroxylamine and 
phenylhydrazine, caused the formation of methemoglobin, 
an increase in volume and osmotic fragility of the red cells 
eventually resulting in hemolysis. The effects of ^-amino- 
phenol and hydroquinone on osmotic fragility were com- 
pletely inhibited by anaerobic conditions and that of hy- 
droquinone was decreased in proportion to the tension of 
carbon dioxide. Certain organic compounds of related 
structure, which presumably do not act as oxidants under 
the conditions employed, failed to produce increased fragil- 
ity of the erythrocytes when used in equimolar concentra- 
tions. These included sulfanilamide, sulfanilic acid, p - 
nitroaniline, />-aminobenzoic acid and phenol. 

Each of the above compounds causing changes in vitro, 
when injected intraperitoneally into cats in doses of from 
6 to 50 mgm. daily, produced changes in the peripheral 
blood which paralleled those found in certain cases of 
acute hemolytic anemia due to sulfanilamide, including the 
formation of methemoglobin, rapid development of anemia 
with hemoglobinemia and so great an increase in fragility 
that erythrocytes were hemolyzed in vitro in salt solutions 
approaching isotonicity. Sulfanilamide and />-aminoben- 
zoic acid, when injected in similar doses, produced only 
moderate anemia and no significant change in erythrocyte 
fragility. 

It is inferred that the hemolytic activity of compounds 
such as sulfanilamide, hydroquinone, £-aminophenol, 
phenylhydroxyamine and phenylhydrazine is due to the 
formation in vivo of certain oxidative derivatives which 
in vitro were demonstrated to cause increased erythrocyte 
fragility. 


Leukopenia . The Rate of Disappearance of White Blood 
Cells from the Peripheral Blood in Leukopenic States , 
By John S. Lawrence and (by invitation) Donald M. 
Ervin and Raymond M. Wetrich, Rochester, N. Y. 

Cats which have been leukopenic due either to infectious 
feline agranulocytosis or irradiation of the bone marrow 
have been connected by means of . an end-to-end ana- 
stomosis of the carotid arteries with normal animals. 
When thorough mixing of the blood has occurred, the 
animals have been disconnected and allowed to go on 
their own circulation. Following this, the normal ani- 
mals have promptly developed a marked leukocytosis with 
a distinct “ shift to the left,” whereas the leukopenic ani- 
mals have shown a rapid diminution in the total number 
of white blood cells in the vascular channels until their 
original leukopenic levels have been reached. The white 
blood cells disappear at the rate of approximately 1000 
cells per cu. mm. per hour. Examination of sections from 
various tissues of these animals has failed to show any 
accumulation of white blood cells that would explain their 
disappearance from the blood. 

As a working hypothesis, we have suggested that white 
cells normally stay in the blood only a short time, the 
blood serving merely as a means of transporting them to 
the various tissues of the body. Whether there is such 
a rapid disappearance of cells from the blood channels 
of normal animals cannot be said, but it is certainly true 
that in leukopenic animals of the types we have used 
there is a rapid disappearance of white blood cells from the 
vascular channels. 

The Management of Hemophilia with Lyophiled Human 
Plasma Intravenously. By John B. Johnson (intro- 
duced by Samuel H. Bassett), Rochester, N. Y. 

Five hemophilic patients have been studied. Evidence 
has been obtained to show that lyophiled plasma causes a 
similar reduction in the coagulation time to that caused by 
the transfusion of whole blood. The potency of the dried 
plasma has been shown to be greatest when it is prepared 
immediately after the blood is drawn from the donor. 
The sources of plasma have been patients with poly- 
cythemia vera or with acute left heart failure, and friends 
of hemophilic patients. No typing is necessary. 

Using dried plasma only, tooth extractions have been 
made in two patients. Massive hematuria in one patient 
was practically cleared 48 hours after two doses of plasma, 
and 12 hours later the guaiac was continuously negative. 

One of our patients had led a wheel chair existence 
for 3 years because of frequent recurrence of hemarthroscs 
when walking. With weekly injections of plasma and 
proper muscular exercises, he began walking. For two 
months on this treatment no hemorrhages occurred, and 
the patient secured a steady job. Plasma was then dis- 
continued for one month, during which time one traumatic 
and two spontaneous hemorrhages occurred (one a mas- 
sive hematuria). 

Dried plasma offers a simplified method for managing 
the emergencies of hemophilia and also a relatively in- 
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expensive replacement therapy by which the hemophilic 
patient may be rehabilitated into the community. 

The Detection of Abnormal Erythrocytes by Opacity 
Measurements of Blood in Varying Concentrations of 
Saline . By Benjamin Alexander (introduced by 
Samuel L. Gargill), Boston, Mass. 

The opacity of saline solutions of normal red cells and 
cells in pathologic conditions lias been measured with the 
Evelyn photoelectric colorimeter. 

When a given number of normal red cells is suspended 
in 2.5 per cent saline solution the opacity is 83 ± 3 per 
cent greater than when the same number of red cells is 
suspended in physiological saline. In normal blood, there- 
fore, the increase in opacity in the 2.5 per cent saline sus- 
pension is proportional to the number of red cells sus- 
pended. In certain pathological conditions, on the other 
hand, the red cell opacity in the two media did not show 
the same change .as in normal blood suspension of the 
same number of red cells. It was found that 84 per cent 
of those cases showing a red cell opacity change greater 
than normal in suspensions of a given number of red cells 
had clinical conditions known to give rise to macrocytic 
anemia. In many instances, abnormally large opacity 
change was associated with a demonstrable increase in 
the mean corpuscular size. In some instances in which 
the opacity change was abnormally great, however, no 
abnormality of the blood could be demonstrated. In cer- 
tain of these cases the opacity change became normal 
after liver therapy. 

It would appear that this measurement of the opacity 
difference of a given number of red cells in physiological 
saline and in 2.5 per cent saline solution can be utilized to 
reveal a fundamental abnormality of the red cells. Thus 
far, most of the cases in which this abnormality has been 
detected have had clinical conditions known to be as- 
sociated with macrocytosis. 

An Analysis and Correlation of Hcmocytologic zvith Other 
Significant Reactions in Monkeys Follozoing Simul- 
taneous or Successive Inoculations zvith the Virus of 
Epidemic Influenza and Hemolytic Streptococci By 
Charles A. Doan and (by invitation) Oram C. Wool- 
pert, Cesar Merino, J. L. Schwab, and S. Saslaw, 
Columbus, O. 

The virus of epidemic influenza (PR8 strain of Type 
A) and the streptococcus hemolyticus (Group C) were 
administered either simultaneously or successively, by the 
nasal route , to monkeys (Macacus mulatta) under ether 
anesthesia. The clinical, hemocytologic, serologic, and 
other pertinent reactions were followed until recovery (or 
rarely death) occurred. The order of administration of 
the two agents was reversed in separate series of ani- 
mals and the interval between inoculations was varied. 
In selected instances, recovered animals which had re- 
ceived one or both infecting agents were later reinoculated 
and comparative observations were recorded. 

Primary inoculation with the streptococcus was char- 
acterized by an immediate polymorphonuclear leukocy- 


tosis, with little or no change in the opsonocytophagocytic 
index. Primary inoculation with the influenza virus, on 
the other hand, was followed promptly by a granulo- 
pcnic leukopenia, with specific virus-neutralizing anti- 
bodies demonstrable a little later. When the virus was 
given concurrently with the streptococcus, or shortly 
thereafter, the streptococcus-stimulated granulocytosis de- 
developed first, followed after several days by a latent 
virus-induced leukopenia. If inoculation of the strep- 
tococcus following the virus infection was delayed, no 
leukocytosis developed. 

On reinoculation with streptococcus several months 
after the primary inoculation, no significant leukocytosis 
developed but a marked increase in the opsonocytophago- 
cytic index was noted very promptly. Readministration 
of virus to these animals seemed to suppress this index. 
Marked anemia of the hypochromic, microcytic type de- 
veloped in the reinoculated animals, even though the 
plasma iron remained high. Hypertension, edema, al- 
buminuria, red cells and urinary casts were observed in 
a number of monkeys reinoculated with hemolytic strep- 
tococci. The streptococci tended to persist or recur in 
the throats of animals thus affected. 

The Thrombic Activity of a Fraction of Rabbit Plasma 
Globulin. By Eugene L. Lozner and F. H. L. Taylor 
(by invitation) and Maxwell Finland, Boston, Mass. 

A globulin fraction of rabbit plasma isolated by the 
technique of Parfentjev was shown to have a marked 
effect on reducing the coagulation time of both normal 
and hemophilic blood in vitro. This substance clotted 
both citrated and oxalated blood. The conversion of 
fibrinogen into fibrin by this substance was independent 
of calcium and prothrombin concentrations. This sub- 
stance therefore has thrombic activity. Preliminary ob- 
servations on the control of bleeding in normal and hemo- 
philic subjects indicate that this globulin fraction has 
considerable hemostatic activity. 

Study of the Coagulating Action of Fcr-dc-Lancc Venom. 

By George L. Kauer, Jr. and Robert M. Bird (by 
invitation) and Paul Reznikoff, New York, N. Y. 

A study was made of the blood-coagulating action of a 
fresh saline solution of crystalline “ detoxified ” fer-de- 
lance venom. In vitro, oxalated and heparinized human 
and dog blood was used; in vivo , dogs and rabbits were 
used. 

In vitro observations revealed a more rapid clotting 
action on oxalated than on heparinized blood. Using 
u pure u fibrinogen solution, rapid conversion to fibrin 
occurred. Lysis of the fibrin occurred in the presence 
of high concentrations of venom, but this was not appre- 
ciable in lower concentrations. 

Intramuscular and intravenous injections of varying 
venom concentrations in rabbits resulted in prolonged 
clotting time and reduction of fibrinogen blood levels. 
The intravenous injection of 0.1 cc. 1 per cent venom in 
dogs caused the clotting time to become indefinitely pro- 
longed with complete disappearance of prothrombin and 
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of fibrinogen. In animals surviving, the clotting time, 
prothrombin and fibrinogen slowly returned to normal. 
At no time was a “ positive phase ” of coagulation found. 

An anti-venom rabbit scrum was produced by repeated 
subcutaneous injections of venom. This scrum protected 
dogs from lethal doses of venom, and even from the anti- 
coagulant action of sublcthal doses. In vitro , venom 
mixed with this rabbit serum was unable to clot oxalatcd 
blood. 

Hemoglobin Regeneration in Blood Donors . By W. M. 

Fowler and (by invitation) A. P. Barer, Iowa City, la. 

Observations have been made on the rapidity of hemo- 
globin regeneration in 200 blood donors who have given 
blood for a total of 636 transfusions. The withdrawal of 
500 to 600 cc. of blood caused an average drop of 2.325 
grams in the blood hemoglobin. The average time neces- 
sary for the hemoglobin to return to its original level was 
49.6 days with a range of 18 to 98 days. There was a 
definite linear relationship between the drop in hemoglobin 
and the recover}' period in days in spite of the great indi- 
vidual variations. At the end of 8 weeks 74.2 per cent of 
the donors had regained their original hemoglobin level 
but the remaining 25.8 per cent required up to 15 weeks 
for complete recover}'. 

The withdrawal of 300 cc. of blood caused an average 
fall of 1.238 grams in the blood hemoglobin and the aver- 
age recovery period was 33.3 days. 

The average rate of hemoglobin production was 0.0495 
gram per day in males but was somewhat slower in fe- 
males, 0.040 gram per day. 

Hemoglobin regeneration was no slower after subse- 
quent donations than it had been after the first. 

From these data it is apparent that a 3-month interval 
is advisable between blood donations unless it is estab- 
lished that the blood hemoglobin has returned to its 
original level before this time. Subsequent donations 
after complete recovery did not lead to a diminished rate 
of hemoglobin regeneration. 

Leukocytosis in Patients with Psychiatric Disorders. By 

S. M. Small and O. Diethelm (by invitation) and 

A. T. Milhorat, New York, N. Y. 

Leukocytosis is of frequent occurrence in patients with 
emotional disorders. Most of these patients show no in- 
fectious process or physical disease to account for the 
elevated white cell count. Briefly, the observations on 
200 psychiatric patients were as follows: There was no 
definite correlation between the level of the white cell 
count and specific psychiatric disease entities. On the 
other hand, in certain patients with elevated white cell 
counts the degree of leukocytosis was often related to the 
intensity of the psych opathologic emotion. This relation- 
ship was consistent in the same subject but varied from 
patient to patient. The specific symptoms most fre- 
quently associated with leukocytosis were panic reactions, 
agitation, excitement with overactivity, and anxiety. Im- 
provement in the emotional reactions, either spontaneous 
or induced by sedation, was associated with a return of the 


leukocyte count to normal levels. The intravenous ad- 
ministration of sodium amytal induced striking reductions 
in elevated leukocyte counts when there were accompany- 
ing favorable changes in the emotional status. The spe- 
cific gravity of the blood plasma often varied in patients 
with leukocytosis, and usually was reduced by intravenous 
sodium amytal; however, changes in white cell counts and 
plasma specific gravity occurred independently of each 
other. 

The Effect of Alterations of the Add-base Balance Upon 
CO 2 Output by the Lungs . By Jack D. Rosenbaum 
(by invitation) and John P. Peters, New Haven, Conn. 
Respiratory C0 2 output with changing acid-base balance 
was studied in human subjects. During overventilation, a 
small C0 2 loss from the extracellular fluids (ECF) is as- 
sociated with a large increase in expired C0 2 ; whereas 
ammonium chloride acidosis causes considerable decrease 
in ECF C0 2 content with little change in C0 2 ventilation. 
This suggests that tissue CO- content may change inde- 
pendently of alterations in total C0 2 concentration of the 
ECF. 

This hypothesis is confirmed by observations that intra- 
venously administered bicarbonate is distributed through 
the ECF alone, indicating impermeability of tissue cells to 
HCO'a ion. Molecular C0 2 , however, has been shown by 
others to diffuse through total body water. Consequently, 
tissue C0 2 content varies with C0 2 tension of the ECF, 
but not with HCO’ s ion concentration. 

During overventilation, although serum total C0 2 con- 
tent falls but slightly, serum C0 2 tension decreases 
markedly; large amounts of C0 2 enter the blood from 
the tissues to be lost through the lungs. Conversely, if 
serum C0 2 tension rises following NH 4 C1 ingestion, C0 2 
diffuses from blood to tissues and does not appear in the 
expired air. 

Evaluation of the influence upon respiratory exchange 
of acid-base alterations necessitates analysis of the mecha- 
nisms of each change. 

Vitamin A Metabolism in Obstructive Jaundice . By 
John D. Stewart and G. Margaret Rourke (intro- 
duced by Allan M. Butler) , Boston, Mass. 

The relationship between concentration of vitamin A 
and carotenoids in the plasma and vitamin A in the liver 
has been studied. Biopsy of liver tissue has been done at 
operation on patients with liver disease (obstructive 
jaundice) and on control patients without liver disease. 
The patients with obstructive jaundice frequently showed 
zero values in plasma and liver. By giving massive doses 
of vitamin A parenterally before operation the hepatic 
content could be brought to normal, but the plasma con- 
centration rose more slowly. The presence of normal 
plasma carotenoid concentration and reduced vitamin A 
concentration probably indicated liver damage and failure 
in conversion of the provitamin. Disturbances in absorp- 
tion and conversion of carotene, and in storage of vitamin 
A, may occur in obstructive jaundice. No close correla- 
tion was found between plasma and hepatic concentra- 
tions. 



454 


PROCEEDINGS OF THE THIRTY-THIRD ANNUAL MEETING 


The Collection and Analysis of Fluid from Single Ne- 
phrons of the Mammalian Kidney . By Arthur M. 
Walker and (by invitation) Phyllis A. Bott, Jean 
Oliver and Muriel G MacDowell, Philadelphia, Pa., 
and Brooklyn, N. Y. 

A technique has been developed for visualizing the sur- 
face of the mammalian kidney and for collecting fluid 
from single glomeruli, and proximal and distal convoluted 
tubules which appear there. Sufficient fluid (0.1 to 1.0 
c.mm.) can be collected to permit quantitative analysis 
by methods which proved serviceable in a similar type of 
experimentation on the amphibian kidney. The site of 
the fluid collection is determined by macerating the kidney 
and isolating the punctured nephron in its entirety by 
microdissection. 

Sixty successful experiments have been performed on 
rats, guinea pigs, and opossums. Glomerular fluid proves 
to be free from detectable amounts of protein, to have 
the same vapor pressure as blood plasma, and to contain 
glucose and exogenous creatinine in the same concen- 
trations that exist in plasma water. The proximal 
tubules not only reabsorb glucose in these animals, as 
they do in amphibia, but also reabsorb about 80 per cent 
of the fluid in glomerular filtrate. This fluid reabsorption 
is accomplished without any increase in vapor pressure of 
the tubule contents but it is not a reabsorption of undif- 
ferentiated glomerular fluid, for the chloride concentra- 
tion of proximal tubule fluid is half again as high as 
that of blood plasma. The results of the chloride analyses 
imply the preferential reabsorption of some other anion 
( — HCO s ?) by the proximal tubule. 

Acidosis in the Premature Infant . By William Sterry 
Branning (introduced by Wilburt C Davison), Dur- 
ham, N. C. 

Acid-base determinations done on fifteen apparently 
well infants whose birth weight was below 2250 grams 
showed that, on a diet of 120 calories per kilo per day, 
plasma bicarbonate was consistently lower in them than 
in infants of normal birth weight, and the organic acids 
in blood amounted to approximately three times the nor- 
mal value. Total base, chloride, and phosphate all re- 
mained within the normal range. 

High organic acid values in blood are supported by the 
fact that organic acid excretion in urine averaged 2.6 m, 
eq. per kilo per day as opposed to the “ normal ” range of 
0.6 to 1.0 m. eq. per kilo per day for adults. All urine 
specimens taken had low pH values, averaging pH 5.27. 
The titrated total organic acids averaged 55.6 mm. eq. per 
liter; of this, lactic acid composed 10 to 20 per cent, uric 
acid 2 to 4 per cent. 

Determinations made on six infants with clinical symp- 
toms of acidosis showed total base, chloride, and phos- 
phate all within the normal range. Bicarbonate ranged 
from 9.0 to 16.0 m. eq. per liter plasma ; calculated organic 
acids 11.6 to 28,0 m. eq. per liter. Organic acid excretion 
varied from 22 to 100 m. eq, per liter. 

Conclusions . The organic acid constituents of plasma 
and urine of premature infants are usually two to three 


times that considered normal, and plasma bicarbonates are 
correspondingly low. In blood and urine, lactic acid and 
uric acid account for, at most, 15 to 25 per cent of the 
organic acid present. The premature infant is always 
on the borderline of acidosis. 

Studies on Experimental Hypochloremia in Mam By 
Joseph B. ICirsner and Kathryn Knowlton (by in- 
vitation) and Walter Lincoln Palmer, Chicago, 111. 
In connection with certain studies on alkalosis previ- 
ously reported, one of us (J. B. K.) produced severe 
hypochloremia and alkalosis without marked hyperazo- 
temia in the dog by the daily withdrawal of gastric juice. 
No definite functional or anatomic evidence of renal in- 
jury was noted in these animals. The present report 
deals with a hypochloremia (ca. 60 mM./L.) similarly 
produced in man. A state of acute collapse resembling 
in some respects an Addisonian crisis is described. De- 
tailed studies of the blood electrolytes disclosed such ab- 
normal values as : 

Serum Cl 54 h 50 mM./L. (normal 99-108) 

Serum CO. 40-44 mM./L. (normal 22-30 ) 

Serum pH 7.60-7.70 (normal 7.35-7.48) 

Na 115-130 mEq./L. (normal 137-147) 

Total base 134-146 mEq,/L. (normal 150-160) 

The blood urea nitrogen and the urea clearance were 
not altered significantly. The volume of urine excreted 
was large; at times the urine contained no chloride and 
almost no sodium. Dehydration, as evidenced by a high 
red blood cell count, increased hematocrit readings, plasma 
protein values, and a decrease in body weight, was present 
despite the administration of adequate amounts of fluid. 
This was due apparently to the inability of the body to 
retain water. 

The chloride content of the gastric secretion was not 
altered appreciably. 

These studies further emphasize the importance of the 
electrolytes of the blood in the maintenance of normal 
water balance and also show that the profound alterations 
seen in alkalosis secondary to chloride loss are independent 
of demonstrable renal injury. 

Studies on the Excretion of Bromsulfalcin in the Bile . By 
A. Cantarow (introduced by Hobart A. Reimann), 
Philadelphia, Pa. 

After intravenous injection of bromsulfalcin (2 mgm. 
per kgm.), the curve of its excretion in liver bile was 
determined by the use of the Evelyn photoelectric colori- 
meter. Studies were performed on bile-fistula dogs and 
human subjects. Normally, the dye appeared in the bile 
within 15 minutes and reached a maximum concentration 
in 45 to 60 minutes, falling to a low level at 2 hours, and 
often not disappearing completely for 5 to 6 hours. Nor- 
mally, 35 to 83 per cent of the quantity injected was 
excreted in the first hour and 61 to 100 per cent in the 
first 2 hours. Abnormal excretion of the dye was evi- 
denced by one or more of the following phenomena: (I) 
delayed jemoval from the blood; (2) delayed entrance 
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into the bile; (3) delayed attainment of maximum con- 
centration; ( 4 ) prolonged high curve of excretion; (5) 
subnormal concentration; (<5) abnormally low excretion 
within 1- or 2-hour periods after injection. Since 85 to 
95 per cent of the dye leaves the blood within 5 minutes, 
this method permits practical study of two phases of 
bromsulfalcin excretion: (I) the rate of its removal from 
the blood (reticulo-cndothclial cells ?) and (2) the rate 
of its passage into the bile (hepatic cells). 

Further Obsenxtfions on the Oral Administration of 
Citrated Blood in Mon. By Leon Schiff and (by in- 
vitation) R. J. Stevens, N. Shapiro, and S. Goodman, 
Cincinnati, O. 

Studies were carried out in a group of thirty subjects 
who were given varying amounts of citrated human blood 
(from 1 cc. to 2000 cc) by mouth or by stomach tube. 
Observations were made on the following points: 

1. The amount of blood necessary to produce a positive 

chemical test for occult blood. 

2. The amount of blood necessary to produce a tarry 

stool. 

3. The number of tarry or bloody stools, and the duration 

of a positive chemical test for occult blood following 
administration of large quantities of blood. 

4. Time required for blood in the stomach to assume 

u coffee-grounds ” appearance. 

5. Relationship to nausea and vomiting. 

6. Effect on temperature, white and red cell counts. 

7. Effect on icteric index and urobilinogenuria. 

The clinical implications of these observations are dis- 
cussed. 

Further Studies Concerning the Effects of Sulfanilamide 
on Acid-Base Metabolism. By William W. Beckman 
and Otto Krayer (by invitation) and Walter 
Bauer, Boston, Mass. 

Measurements of sodium and chloride excretion by the 
heart-lung-kidney preparation were made before and after 
the administration of sufficient sulfanilamide to produce a 
blood level of 20 mgm. per cent. Notwithstanding the 
very diminished excretion of sodium which these prepara- 
tions regularly exhibit, following sulfanilamide there was 
a definite acceleration in the excretion of this ion. This 
increase was not accompanied by a similar increase in 
chloride excretion. Simultaneously in the serum there 
was a small drop in the concentration of sodium and bi- 
carbonate and a rise in the concentration of chloride. The 
direction of these changes was the same as that previ- 
ously described in human subjects receiving sulfanilamide. 
Hence these experiments define to some degree the search 
for the manner of production of the unusual type of 
acidosis encountered when sulfanilamide is given. 

Reactions of Patients with Malignant Tumors to Injection 
of Bacterial Filtrate. By Austin M. Brues, Boston, 
Mass., and (by invitation), M. J. Shear, Bethesda, Md. 
Four patients with inoperable malignancy were given 
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pared by Shear and Turner, which produces hemorrhage 
in and, occasionally, regressions of animal tumors, par- 
ticularly sarcoma ( cf . Shwartzman reaction). All pa- 
tients had a chill, transitory fever and leukocytosis. In 
one patient (multiple myeloma) the course of the disease 
appeared to be unaltered. In two patients (Ewing's sar- 
coma and metastatic carcinoma of prostate) there was 
immediate pain in tumor areas, followed by relief of 
symptoms for a time. One patient with lymphosarcoma, 
treated when in extremis , showed clinical evidence sug- 
gesting widespread destruction of tumors and remained 
well for some time. All patients died with malignancy. 
Two showed evidence of hemorrhage into tumors at post- 
mortem, although the causal relation of this to filtrate 
injection is not certain. Two patients showing consid- 
erable relief of symptoms rapidly developed high non- 
protein nitrogen (90 and 310 mgm, per cent) and uric 
acid (16 and 27 mgm. per cent) levels in the blood. One 
patient excreted, on a low purine diet, 2500 mgm. of uric 
acid in the first 24 hours. In two cases there was evi- 
dence of congestive failure following treatment. Suc- 
cessive treatments had little additional effect, even with 
increasing dosage. Response to waste products may be a 
major medical problem with any chemotherapeutic agent 
causing rapid destruction of tumor tissue. 

The Diagnostic Value of Synovial Fluid Examination. 

By Marian W, Ropes and Howard C. Coggeshall 

(by invitation) and Walter Bauer, Boston, Mass, 

Detailed examinations of 750 synovial fluids from va- 
rious types of joint disease have been made. Analyses 
of these data indicate that the majority of the fluids can 
be separated into two groups. Group I fluids are es- 
sentially traumatic in nature (traumatic arthritis, de- 
generative joint disease, Charcot joints and osteochon- 
dromatosis). Group II includes those obtained from 
specific infectious arthritides of known origin and rheuma- 
toid arthritis. ^ 

Most Group I fluids are dear and do not clot, whereas 
Group II fluids may be clear or turbid and usually do clot. 
Total leukocyte counts above 1000 are rarely encountered 
in Group I fluids, whereas in Group II they are generally 
3000 or higher. The polymorphonuclears are less than 
500 in Group I and ordinarily greater than 1000 in Group 
II. The protein concentration is less than 5.2 grams per 
cent in Group I but varies from 3.0 to 8.9 grams in 
Group II. The changes in the globulin fraction are most 
significant The mucin concentration is usually lower in 
Group II, but more important than the concentration are 
its precipitability with acetic acid and the viscosity of the 
fluid. The mucin precipitate from Group I fluids is ropey 
and the solution clear, while the precipitate from Group 
II fluids is usually friable and the solution cloudy. Group 

I fluids usually show only a moderate reduction of vis- 
cosity, as compared to a marked reduction in most Group 

II fluids. In Group I the serum-fluid fasting sugar dif- 
ference is usually normal (less than 10 mgm. per cent) in 
contrast to a much greater difference in the majority of 
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To summarize, aspiration of a turbid fluid which clots 
and has a low viscosity, a total leukocyte count above 
3000 with absolute polymorphonuclear count above 500, 
a protein content above 5.0 grams per 100 cc. and a 
serum-fluid sugar difference of over 20 mgm. per 100 cc. 
indicates that the joint disease is not in Group I. 

Results in individual cases have shown that examina- 
tion of joint fluid used in conjunction with history, physi- 
cal examination and other, laboratory tests is of definite 
diagnostic and prognostic value. 

Cytologic Study of Synovial Tissue in Various Types of 
Arthritis . By Currier McEwen and (by invitation) 
Ernst W. Bergmann and Harry Most, New York, 
N. Y. 

Synovial tissues obtained at operation have been studied 
by the supravital technique as well as with ordinary his- 
tologic methods. In 2 cases of relatively normal synovial 
tissue obtained at operation to correct traumatic dis- 
abilities, the cells found were relatively few in number 
and consisted chiefly of small fixed connective tissue cells. 
In 6 cases of osteoarthritis and traumatic arthritis of long 
duration in which synovial thickening was present, the 
cells, were more numerous and were chiefly made up of 
fixed connective tissue cells of small to moderate size. In 
6 cases of rheumatoid arthritis the cells were greatly 
increased in numbers and, while predominantly of mod- 
erately large fixed connective tissue type, included also 
mono- and multinuclear giant cells of the type previously 
shown to be present in the subcutaneous nodules of rheu- 
matic fever and rheumatoid arthritis. In 13 cases of tu- 
berculous arthritis the cells were very numerous and, 
while the majority of cells were of the moderately large 
connective tissue type found in the rheumatoid biopsies, 
none of the u rheumatoid giant cells” was found, but, 
instead, typical epithelioid cells as described by Sabin were 
noted. 

The Distribution and Rate of Formation of Synthetized 
Cholesterol By J. Roscoe Miller and Arnold 
Wagner (introduced by N. C. Gilbert), Chicago, III. 
These experiments were based on the fact that deu- 
terium cannot be incorporated into the cholesterol mole- 
cule by in vitro or in vivo procedures, but that it can 
be incorporated into the cholesterol molecule during the 
formation of that substance in the body. This offers a 
means of identifying the rate and distribution of choles- 
terol synthetized subsequent to the introduction of heavy 
water into the body fluids. Rats were used as experi- 
mental animals and the mass spectrograph was used for 
the deuterium determinations. Individual animals were 
sacrificed at given intervals following the introduction of 
heavy water and the amount of tagged cholesterol in the 
individual organs was determined. 

Gold Metabolism and Excretion Studies in Parents 
Treated with Different Gold Salts . By R. H. Freyberg, 
and (by invitation) C. J. Smyth and W. D. Block, 
Ann Arbor, Mich. 

Patients with rheumatoid arthritis were studied during 


and for several months following the administration of 
gold sodium thiomalate (myochrysine) , gold sodium 
thiosulfate and colloidal gold sulfide. The content of gold 
in the blood, urine and feces was measured. The effects 
of different gold salts were compared. 

In general, with the use of gold sodium thiomalate and 
•gold sodium thiosulfate, the blood concentration and ex- 
cretion of gold were similar. The blood content and ex- 
cretion of gold increased as the weekly dose of gold in- 
creased but not in direct proportion. Results obtained 
with colloidal gold sulfide were exceedingly variable but 
with few exceptions the blood and excretion values were 
much smaller than those obtained with other preparations. 
In every instance gold was retained in the body for many 
months after its administration ceased; the amount re- 
tained and the length of time varied in proportion to the 
weekly dose of gold. 

Pertinent data obtained in animal investigations of 
deposition and toxicity of gold are correlated. 

Results are discussed in relation to the therapeutic 
value and the toxicity of the various gold preparations and 
different administration techniques, and indications will be 
pointed out concerning the improved use of gold salts in 
treatment of arthritis. 

The Determination of the Relative Cerebral Metabolism 
m Man. By Eugene B. Ferris, Jr. and (by invitation) 
Henry W. Ryder and Nathaniel Brower, Cincin- 
nati, O. 

A simple method for determining an index of the rela- 
tive rate of intracranial blood flow in man has been de- 
veloped. It consists in relating the rise of internal 
jugular venous pressure to pressure increments which 
are applied to the neck by means of a freely distensible 
cuff. The validity of the method has been tested by 
theoretical considerations, by checking it empirically 
against factors known to increase and decrease cerebral 
blood flow, and by comparing it with the' blood flow as 
determined objectively by the cerebrospinal fluid displace- 
ment method. The results are reproducible in the same 
subject and reasonably comparable in different control 
subjects. 

Analysis of internal jugular venous blood and of 
femoral arterial blood gives the arteriovenous oxygen 
difference. This, considered together with the “ blood 
flow index,” as obtained above, gives the relative rate of 
total cerebral aerobic metabolism. 

In control subjects, the value for the rate of cerebral 
metabolism is more constant than either the blood flow 
or A-V difference. Illustrative examples of clinical 
states in which the relative total cerebral aerobic metab- 
olism is not greatly altered and in which it is greatly 
reduced are presented. 

There are no apparent contraindications to the pro- 
cedure other than those against venous and arterial punc- 
ture and against elevating the intracranial venous pressure. 
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The Clinical Significance of “ Wandering " Auricular 
Pacemaker. By Alexander M. Burgess, Jr. (by in- 
vitation) and Laurence B. Ellis, Boston, Mass. 

A study of a series of 130 patients showing so-called 
“ shifting " or “ wandering ” auricular pacemaker is re- 
ported. This investigation was undertaken in order to 
determine the clinical significance of this electrocardio- 
graphic phenomenon which, though not uncommon, has 
been neglected in the literature. The cases were found to 
fall into two types : a “ simple ” type, with a cyclic shift 
between two distinct auricular pacemakers, and a totally 
irregular type with numerous foci of impulse production 
giving rise to contractions in no regular sequence. There 
were 72 cases of the “ simple ” type, which were found to 
be distributed at random among patients with and with- 
out heart disease. All 52 cases of the totally irregular 
type were found to have significant cardiac abnormalities, 
and in 90 per cent of these cases the underlying pathology 
was coronary artery disease. Thus it is apparent that the 
simple type is not necessarily of pathological significance, 
whereas the irregular type is an indication of heart dis- 
ease. The possible mechanism of production of this phe- 
nomenon is discussed. 

Observations on the Normal Mechanism of Closure of the 
Duel us Arteriosus . By J. Allen Kennedy and Sam 
L. Clark (introduced by Hugh Morgan), Nashville, 
Tenn. 

The normal mechanism of the closure of the ductus 
arteriosus is not known. Our work has been concerned 
with an attempt to elucidate this problem by observations 
on the ductus arteriosus of the guinea pig fetus. Both 
fixed and living preparations were studied. 

Normal closure of the ductus arteriosus at birth in- 
volves two phases. The first is immediate and consists 
of a muscular contraction requiring several minutes which 
obliterates the ductus lumen. The ductus when once 
closed (phase one) remains closed and this occurs within 
about 5 minutes after birth in normal animals. A second 
slower phase requiring several weeks involves the trans- 
formation of the obliterated muscular ductus into the 
fibrous ligamentum arteriosum. 

Physiological closure of the ductus arteriosus can be 
studied in guinea pig fetuses near term. The fetuses are 
delivered by hysterotomy beneath a bath of w r arm saline 
with the placental vessels intact. The ductus is visualized 
through an opening in the chest 

The ductus will close promptly following certain 
stimuli. Mechanical stimuli to the ductus, such as gentle 
pinching or tugging, and electrical stimulation of the 
ductus are followed by closure in 15 to 30 seconds. Arti- 
ficial inflation of the lungs with air, injection of adrenalin, 
massage of the carotid sinus, and hemorrhage are fol- 
lowed by closure of the ductus in several minutes. Under 
proper conditions, withdrawal of the stimulus is followed 
by opening of the ductus. This process of closure and 
opening resulting from the application and withdrawal of 
certain stimuli can be repeated many times. 

In view of these experiments it is suggested that a 


patent ductus arteriosus may be due to the failure of a 
normal physiological mechanism rather than to a true de- 
velopmental anomaly. 

Circulatory Failure in Acute Infections . By Richard V. 

Ebert (by invitation) and Eugene A. Stead, Jr. (in- 
troduced by Marshall N. Fulton), Boston, Mass. 

The clinical course and hemodynamics of the circulatory 
failure produced by acute infections have been studied in 
eight patients. There were six cases of pneumococcus 
pneumonia, one each of streptococcus and staphylococcus 
septicemia. Clinically, these patients showed cold ex- 
tremities, sweating, pallor, narrowing of the field of con- 
sciousness, small or absent pulsations of the radial artery, 
low arterial pressure, narrow pulse pressure, and tachy- 
cardia. The values for the plasma volume, the hematocrit, 
and the serum protein concentration, were within normal 
limits. The venous pressure was within normal limits 
before transfusion. In two patients auricular fibrillation 
developed after the onset of circulatory failure. Electro- 
cardiograms failed to show any other significant varia- 
tions from the normal. 

The blood volume was increased by transfusions of 
whole blood or by administration of human plasma. 
Venous pressure readings were taken during the adminis- 
tration of the fluid, and in four cases sufficient fluid was 
given to increase the venous pressure. Hematocrit and 
serum protein determinations indicated a sustained in- 
crease in plasma volume. The arterial pressure in two 
cases showed a transient rise of 5 to 10 mm. of mercury, 
and the radial pulse was usually palpable for a short time. 
There was no other evidence of clinical improvement and, 
although the plasma volume remained increased, the ar- 
terial pressure returned to its former level. 

Although, clinically, these cases with acute infection 
and circulatory failure resemble cases of traumatic shock, 
the data indicate that the pathogenesis is different from 
traumatic shock, because the patients with acute infec- 
tions do not show a significant degree of hemoconcen- 
tration and they are not benefited by transfusions. The 
fact that no improvement occurred with elevation of the 
lower part of the body, and the fact that little improve- 
ment occurred even when the venous return to the heart 
was adequate, as demonstrated by a rise in venous pres- 
sure to abnormal levels following transfusion, indicate 
that peripheral pooling of blood is not the primary factor 
in causing the circulatory failure. 

The failure of the circulation to improve when the 
venous pressure is abnormally increased by intravenous 
fluids is evidence that cardiac function is not normal. 
The fact that the venous pressure is not elevated before 
transfusion, even though the cardiac function is poor, is 
evidence that the venous bed is not responding with nor- 
mal tone to a decrease in cardiac output. The experi- 
mental evidence suggests that the circulatory failure is 
produced by a combination of cardiac and peripheral 
factors. 
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The Impaired Renal Excretion of Salt in Chronic Con- 
gestive Heart Failure . By Palmer H. Futcher and 
Henry A. Schroeder, New York, N. Y. 

Passage of sodium chloride into the tissues in edema 
fluid has been regarded by many investigators as the ex- 
planation for retention of salt jn chronic heart failure. 
The following experiments, however, suggest impairment 
of the ability of the kidney to excrete salt even when the 
blood salt level is artificially elevated above normal. 

Patients maintained on a low salt diet were given in- 
travenously 20 to 30 grams of sodium chloride as a 6 
per cent solution. Further fluids were withheld for the 
subsequent 24 hours, during which period the serum 
sodium and chloride concentrations were observed to be 
maintained 5 to 10 milliequivalents above the upper limit 
of normal. The urinary output of chloride and, in some 
experiments, of sodium, was measured. 

During the 24 hours following the injection, 2 control 
subjects, 1 with bronchial asthma, the other with idio- 
pathic hypoproteinemia and edema, excreted 9.9 and 8.1 
grams of chloride, expressed as sodium chloride. One 
patient with mild heart failure excreted 6.8 grams. Of 2 
patients with severe congestive failure, 1 excreted 3.4 and 
1.5 grams on different occasions, and the other 3.2 grams. 
One patient with severe heart failure and diminished renal 
function excreted 1,8 and 1.2 grams during different tests. 

Experimental Production of the Syndrome of Apparent 
Bundle-Branch Block With Short P~R Interval. By 
J. Scott Butterworth and Charles A. Poindexter 
(introduced by Irving S. Wright), New York, N. Y. 
The electrocardiographic syndrome of apparent bundle- 
branch block with short P-R interval has been repro- 
duced in cats and dogs by the use of a special amplifier. 
The normal conduction system of the heart is short- 
circuited through the amplifier and a ventricular asyn- 
chronism is produced, giving the appearance of bundle- 
branch block. By reversing the direction of the current 
flow in this short circuit, supraventricular tachycardias 
can be produced. 

The method is also adaptable to the study of other prob- 
lems of cardiac physiology. 

A Study of the Time of Reaction of the Peripheral Blood 
Vessels in the Right Index Finger Tip and Right 
Second Toe Tip to Sensory Stimuli in Normal and 
Senile Subjects and Patients With Renal and Di- 
encephalic Hypertension. By G. E, Burch, A. E. 
Cohn, and (by invitation) C. Neumann, New York, 

N. Y.’ 

The time of reaction of the peripheral blood vessels to 
sensory stimuli of constant intensity (bright light, sudden 
noise, pin prick, local heat, local cold and electric shock) 
was measured by recording the time necessary^ for the 
volume of these vessels to change on being stimulated. 
The stimuli were applied to the external surface of the 
left arm just above the elbow. The changes in volume 
were recorded by a sensitive pneumoplethysmograph. 
Measurements were accurate to 0.1 second. The indi- 


viduals rested in the supine position in an air-conditioned 
room with fingers and toes at the level of their hearts. 
Observations were repeated several times. 

The mean reaction time of the finger tip was 3.04 
seconds in normal subjects; 2.90 seconds in patients with 
renal and diencephalic hypertension; and 4.01 seconds in 
senile subjects. The mean reaction time of the blood 
vessels of the toe tip of the normal subjects was 3.46 
seconds; 3.21 seconds in patients with hypertension; and 
4.07 seconds in the senile subjects. Clearly, the reaction 
times of the finger and toe tips of the normal and hyper- 
tensive subjects were essentially the same, while those in 
the senile subjects were significantly prolonged. Refer- 
ence is made to the influence of psychological states. 

Capillary Blood Pressure In Man. Direct Determinations 
in the Digits of Subjects with Normal and Elevated 
Arterial Pressures . By L. W. Eichna (by invitation) 
and James Bordley, III, Baltimore, Md. 

Capillary blood pressure was measured in the digits by 
the direct microinjection method (Landis). In 47 hyper- 
tensive patients the capillary blood pressure varied within 
the same limits as in 60 subjects with normal arterial 
pressure. When the capillary blood pressure was meas- 
ured in the same individual at different levels of arterial 
pressure, no correlation between the capillary blood pres- 
sure and the arterial pressure could be demonstrated, 
either ( 1 ) in 3 subjects in whom temporary hypertension 
was induced by the injection of paredrinol sulphate, or 
(2) in 4 hypertensive subjects whose arterial pressure fell 
to normal either spontaneously or after therapeutic surgi- 
cal procedures. 

During reflex vasodilatation and during the local vaso- 
dilatation of reactive hyperemia, the capillary blood pres- 
sure was approximately the same in subjects with elevated 
and with normal arterial pressure. During the local 
vasodilatation induced by histamine injected intradermally, 
the capillary blood pressure in hypertensive subjects ex- 
ceeded slightly that in subjects with normal arterial 
pressure. 

These studies indicate that in association with arterial 
hypertension there is, in the digits, an increased vascular 
resistance which is almost entirely pre-capillary in origin, 
and which may be released in some measure by histamine 
injected locally, but not by reflex vasodilatation or re- 
active hyperemia. These conclusions apply only to the 
digital circulation. 

Total Cardiac Vibrations Recorded by the Cathode Ray . 
By William B. Kountz and (by invitation) John R. 
Smith, St. Louis, Mo. 

Studies on cardiac vibrations over many years have em- 
braced the limited range of audible frequencies compris- 
ing the heart sounds. An analysis of the total cardiac 
vibrations recorded by the cathode ray shows many varia- 
tions of vibrations and also low-frequcncy vibrations 
(inaudible) which have never before been appreciated. 
Low frequency inaudible waves have been found in the 
tracing of normal persons, but are more frequently seen 



in those with heart disease, particularly those with a 
weakened myocardium. In the latter, the low frequency 
deflections may assume excessive size ; in some eases such 
changes antedate electrocardiographic alterations. 

Low frequency systolic-diastolic waves of identical 
character may be obtained from the experimental heart 
under well-controlled conditions. The physiological fac- 
tors which initiate the waves arc not known, but appear 
to be subtle motions of the myocardium itself. Under ex- 
perimental conditions the waves likewise increase in size 
as myocardial anoxemia progresses. 

It appears that large low frequency waves in vibro- 
cardiographic tracings from patients with heart disease 
may be reflections of myocardial disease. These may oc- 
cur before other means of examination elicit the presence 
of a diseased heart. 

The Circulation in Traumatic Shock , By N. E. Freeman 
and (by invitation) M. L. Cullen and A. E. Schecter, 
Philadelphia, Pa. 

Traumatic shock was produced in nine of eleven dogs 
and in five partially sympathectomized dogs. Local fluid 
loss was excessive in all instances. The earliest sign of 
shock as studied by us was a marked reduction of pe- 
ripheral blood flow as measured in the dog’s paw. Hemo- 
concentration was not a significant finding. 

Shock was produced in fourteen of sixteen dogs with 
more severe trauma, but with restriction of local fluid 
loss. The earliest sign of shock was, as a rule, a marked 
reduction of peripheral blood flow. There was con- 
siderable hemoconcentration in comparison to the earlier 
experiments. 

Blood volume determinations by the carbon monoxide 
method showed a substantial reduction of blood volume 
after trauma, and this reduction was only partially ac- 
counted for by local fluid loss. 

Postmortem examinations suggest that at least part of 
the “lost” blood volume is to be found in the lumen and 
mucosa of the intestinal tract. 

Electrocardiographic Tracings in Normal and Abnormal 
Hearts Studied by the Method of Schlesinger. By 
P. M. Zoll and E. Spiegl (by invitation) and H. L. 
Blumgart, Boston, Mass. 

A comparison of the electrocardiographic tracings and 
the postmortem findings was made in 201 cases in which 
complete pathologic study of the myocardium and coro- 
nary arteries was made, utilizing the Schlesinger method 
of injection. Measurement of the collagen content of the 
myocardium was also done in many instances. 

Patients with normal hearts frequently showed electro- 
cardiographic changes usually considered abnormal, such 
as delayed A-V conduction, axis deviation, deviations in 
the Q, S, T and ST intervals, notching of QRS, and even 
negative monophasic QRS*. These abnormalities were 
more frequently observed when the tracings were taken 
during acute non-cardiac illness, in which instances thej r 
may be ascribable to myocardial ischemia of non-cardiac 
origin. These observations indicate that the limits of the 


so-called “normal electrocardiogram” must be extended 
and that deviations now considered pathologic are com- 
patible with the finding of a normal heart on postmortem 
examination. 

In the absence of myocardial infarction or extensive 
fibrosis, patients with old coronary occlusions of the main 
coronary arteries may show no electrocardiographic dif- 
ferences from those tracings taken in patients with nor- 
mal hearts. This is in accord with previous clinical and 
pathologic studies by us which show that the collateral 
circulation may compensate fully for complete occlusion 
of a coronary artery. 

The pathologic findings of acute anterior and posterior 
wall infarction were closely reflected by typical and pro- 
gressive electrocardiographic patterns. Single tracings, 
supposedly characteristic of acute infarction, were seen, 
however, during episodes of “acute coronary failure” 
{he., prolonged myocardial ischemia without infarction) 
with a rapid return to normal after the attack. ST and T 
wave deviations similar to those found in acute infarction 
were also seen in acutely ill patients with normal hearts. 
The fact that such changes may be witnessed secondary 
to disease of non-cardiac origin is of considerable impor- 
tance in questions of differential diagnosis between cardiac 
and non-cardiac pain in seriously ill patients. Unless it is 
recognized that such changes may occur in the absence of 
cardiac disease, an erroneous diagnosis of myocardial 
infarction may be made. 

Studies on the Effect of Cold and Heat in Patients With 

Angina Pectoris . By A. S. Freedberg, E, D. Spiegl 

(by invitation) and J. E. F. Riseman, Boston, Mass. 

The increased frequency of attacks of angina in daily 
life when patients exercise in the cold is well recognized. 
This clinical fact has been utilized in the laboratory to 
precipitate attacks of angina at will by having the patients 
exercise in a room kept at a constant cold temperature (45 
to 55° F.). This “ Standardized Exercise Tolerance 
Test” has been of value in diagnosis and in measuring 
objectively the response to treatment. This communica- 
tion presents evidence concerning the manner in which 
cold operates to facilitate the production of angina. 

Nine of a series of 20 patients with angina pectoris 
were able to do an appreciably greater amount of work 
when exercising at ordinary room temperature (75 to 
80° F.) than when exercising in the cold temperature 
room. When these patients exercised at room tempera- 
ture, while holding an ice cube in one hand, angina was 
precipitated by the same minimal amount of work which 
induced an attack in the cold temperature room. Con- 
versely, when these patients immersed their hands in hot 
water (110° F.), or strapped a hot water bottle to the 
body before exercising in the cold temperature room, 
they were able to do as large an amount of work as was 
possible when exercising at room temperature. No ap- 
preciable differences in the heart rates, blood pressures or 
electrocardiograms of these patients were observed under 
the various conditions of temperature and exercise used 
in these studies. One patient receiving digitalis developed 
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anoxemic changes in the electrocardiogram shortly after 
exposure to cold without exercise. Each of these 9 pa- 
tients showed a favorable therapeutic response to vaso- 
dilating drugs. 

The remaining 11 patients showed no appreciable dif- 
ference in the amount of work necessary to induce angina 
at room temperature or in the cold. These patients with 
a fixed exercise tolerance showed no appreciable thera- 
peutic response to vasodilating drugs. 

To summarize, there are two groups of patients with 
angina on effort: (i) those in whom the exercise tolerance 
is unaffected by moderate changes in temperature as used 
in these studies ; (2) those in whom the exercise tolerance 
is definitely decreased by cold. The reduction in exercise 
tolerance in a cold room may be duplicated by exercise in 
a warm room if the patient holds ice in his hand. These 
observations accord with the concept that coronary artery 
vasomotor changes, probably reflex in origin, exert a con- 
tributory influence in angina pectoris and correspond to 
the clinical observation that patients with angina pectoris, 
even though warmly clothed, suffer attacks particularly on 
cold days. These observations are likewise helpful in 
learning whether a patient will benefit by the prophylactic 
administration of vasodilator drugs. 

Dynamics of Blood Flow in Thrombo-angiitis obliterans . 

By M. Eandowne* (by invitation) and L. N. Katz,f 

Chicago, 111. 

Studies in blood flow in thrombo-angiitis obliterans 
were made by a critically evaluated plethysmographic 
method. Fifty-two experiments are reported on the hori- 
zontal foot-leg of 6 ambulatory patients, 30 to 45 years of 
age. The recorded “ initial” resting flows were com- 
pared with " maximal ” resting flows ; the latter being in- 
duced by heat (plethysmographic temperatures of 42 to 
44° C. for 30 minutes), by reactive hyperemia (cuff 
inflated to 200 to 300 mm. Hg about the thigh for 5 to 15 
minutes) and/or by both together. 

Recorded “ initial ” resting flows showed little fluctua- 
tion. The values (1.2 to 7.5 cc. per minute per 100 cc. 
limb) were within the range of control observations on 
18 normal subjects. 

“ Maximal ” resting flows , (2.5 to 7,5 cc. per minute per 
100 cc. limb) recorded with the dilating procedures used 
in these patients showed no significant increases over the 
“ initial ” level, unlike controls in whom marked increases 
in flow were consistently demonstrated (7.3 to 22.6 cc. 
per minute per 100 cc. limb). The slight increases noted 
occurred in the patients with milder involvement. 

Since in this condition the presumed site of disease is 
not in the smallest blood vessels, it is assumed that these 
tinj r vessels are capable of being dilated if not already 
dilated. The results are consequently interpreted as offer- 
ing a measure of the effective obstructive resistance of the 
diseased larger vessels, which limits the amounts of blood 
flowing into the limb per unit of time (for a given cardiac 
output and central blood pressure). This does not ex- 

* Emanuel Libman Fellow. 

f Aided by the A. D. Nast Fund for Cardiac Research. 


elude the possibility of change in distribution of blood 
within the limb following these dilating procedures. 

Changes hi Cardiac Output } Fluid Volume , and Kidney 
Function on Recovery from Congestive Heart Failure . 
By Walter H. Pritchard, William B. Seymour, 
and L. P. Longley (introduced by J. M. Hayman, Jr.), 
Cleveland, O. 

Cardiac output, blood volume, interstitial fluid volume, 
plasma proteins, etc., and inulin, urea, and phenol red 
clearances were determined on 7 patients which conges- 
tive heart failure, and again when maximal compensation 
was secured by rest, digitalis, and other therapy. Cardiac 
output determined by a modification of Bazett’s method 
increased 13 to 85 per cent in 6 patients ; in the seventh 
there was a decrease of 23 per cent at a time when he was 
showing evidence of digitalis intoxication. Venous pres- 
sure, blood volume (Evans Blue method) and extracellu- 
lar fluid (thiocyanate method) value decreased in all 
cases. The change in the last of these approximated the 
loss of body weight. While the concentration of serum 
proteins rose, the total serum protein in circulation fell 
by 9 to 48 grams in 6 patients ; loss of serum albumin ac- 
counted for approximately 2/3 of the total. Phenol red 
clearance varied with cardiac output, as did inulin with 
one exception. The fraction of the cardiac output repre- 
sented by the inulin clearance was quite constant. Urea 
clearances were more variable. 

The Form of the Dog’s Precordial Electrocardiogram in 
Bundle-Branch Block Complicated by Anterior Infarc- 
tion* By Herman Erlanger, Francis F. Rosen- 
baum, Nelson Cotrim (by invitation) and Franklin 
D. Johnston and Frank N. Wilson, Ann Arbor, 
Mich. 

Dogs of medium or large size were fully anesthetized 
and the heart was exposed under aseptic conditions. 
Either the right or left branch of the His-bundle was then 
cut and the anterior descending branch of the left coron- 
ary artery was ligated at a high level. If the heart sur- 
vived these procedures, the chest was fully restored, and 
the animal was allowed to recover. One to seven weeks 
later an extensive electrocardiographic study, including 
multiple precordial leads and leads from the surface of the 
exposed heart, was made. Of 16 animals studied in this 
way, 3 had right branch block without infarction; 3 had 
right branch block plus infarction ; 1 had left branch block 
without infarction, and two had left branch block plus in- 
farction. The observations made justify the following 
conclusions : In canine bundle-branch block, precordial 
leads yield curves which are similar in every respect to 
those obtained in human branch block of the same variety. 

In canine right branch block complicated by infarction, 
precordial leads yield QRS-complexes of characteristic 
form; large Q-waves are present in leads from points 

*An experimental study carried out with the help of a 
grant to F. N. Wilson from the Horace H. Rackham 
School of Graduate Studies. 
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overlying the infarctcd region and late R-waves occur in 
leads from the right side of the precordium, In canine 
left branch block complicated by infarction, the precordial 
curves are difficult to distinguish from those obtained in 
uncomplicated left branch block. 

Dorsohtmbar Sympathectomy for Essentia! Hypertension: 
Results and Bearing on Etiological Considerations* By 
Robert Sterling Palmer and (by invitation) Reginald 
H. Smithwick, Boston, Mass. 

A theory for the etiology* of essential hypertension in 
man must embrace certain proved and a few probable 
facts : 

L Perturbation of the renal circulation by compression 
of the main renal arteries in experimental animals ap- 
parently alters a pressor-depressor hormonal balance, re- 
sulting in a pressor effect and systemic arterial hyperten- 
sion. 

2. There is no pathognomonic pathological change in the 
arterioles in the terminal stage of continued arterial hyper- 
tension, but there is a pathognomonic localization of such 
change when of marked degree, namely the renal arterioles. 

3. Congenital hypoplasia, metabolic faults, infection or 
stases may cause the perturbation of the circulation or 
explain the specific localization of arteriolar disease in 
about 20 per cent of patients with continued arterial hyper- 
tension. In 80 per cent of patients with continued arterial 
hypertension there is no such explanation of the specific 
localization. 

4. Partial or total sympathectomy does not prevent or 
modify experimental hypertension which follows the ir- 
reversible narrowing of the main renal arteries by appli- 
cation of the Goldblatt clamp, but partial sympathectomy, 
sufficient to denervate the kidneys, adrenals and the 
splanchnic bed, significantly lowers the blood pressure in 
a majority (60 per cent) of patients with so-called essen- 
tial hypertension. 

There appear to be only two explanations of the last 
fact: ( a ) Sympathectomy modifies the effect of organic 
renal constriction in man, contrary to the experience with 
experimental animals. Due to man's habitually upright 
position, according to this possibility, splanchnic dener- 
vation causes venous pooling, diminished return of blood 
to the heart, decreased output which lowers the head of 
the pressure component of arterial hypertension, and re- 
duction of the blood pressure. ( b ) The alternative ex- 
planation for the favorable effect of sympathectomy in 
patients with continued arterial hypertension is that an 
overactive sympathetic vasoconstrictor outflow, or an ab- 
normal response to a normal vasoconstrictor outflow, is 
interrupted, thus significantly modifying the pressor re- 
sponses to posture, cold, mental stress and physiological 
emergencies. 

The venous pooling with consequent inadequate output 
does not explain the favorable effect obtained in the 12 
per cent of cases in which a sustained and marked im- 
provement in the blood pressure has followed supradia- 
phragmatic sympathectomy (Feet) without the relative 
postural hypotension noted following dorsolumbar sym- 


pathectomy (Smithwick). The latter operation was 
undertaken in order to insure complete denervation. The 
relative postural hypotension may be a by-effect rather 
than a direct cause of the 60 per cent favorable results 
found thus far, since, as the relative postural hypotension 
becomes less marked, the favorable effect on the level of 
the blood pressure is maintained or even enhanced. We 
venture to suggest that it is a special condition in man, 
namely, his habitual upright posture, that places the cir- 
culation of the kidney at the mercy of the splanchnic bed, 
the function of which is the maintenance of the circulation 
to functioning tissue in the upper extremities, heart, lungs 
and especially the head. Furthermore, in the upright 
posture man is under the stresses of recurring emergencies. 
Pressor responses in certain human strains are unusually 
violent. May it not be that this overactive vasocon- 
strictor mechanism (or overactive response to a normal 
mechanism), operating over a long period of time in sus- 
ceptible individuals, induces the specific localization in or 
just afferent to the nephron? This may at first be a 
functional vasoconstriction, leading to organic change, and 
finally an organic plus functional vasoconstriction. Such 
an etiological train of events would seem to fit more 
closely the observed clinical course of essential hyper- 
tension in man than the supposition of an unexplained 
chance localization of organic arteriolar disease, which in 
turn disturbs the pressor-antipressor hormonal balance 
in the kidneys. 

Measurements of the Circulation in Dogs with an Inter- 
ventricular Septal Defect. By Eugene C. Eppinger 
and Robert E. Gross (introduced by C. S. Burwell), 
Boston, Mass. 

A communication (4 to 6 mm. in diameter) between the 
ventricles of the heart was produced in 5 dogs. Before 
establishing the communication, determinations of the 
cardiac output were made by the direct Fick method. 
After operation, the pulmonary blood flow was determined 
by the comparison of blood from the aorta with that from 
the pulmonary artery (aorta-pulmonary artery oxygen 
difference) and the peripheral blood flow by a compari- 
son of the blood in the aorta with that in the right auricle 
(aorta-right auricle oxygen difference). 

These studies showed that such a communication be- 
tween the ventricles leads to: 

1. A higher oxygen content in the blood of the right 

ventricle than in the right auricle, indicating a 
shunt of blood from the left to the right ventricle. 
This leak amounted to 30 to 50 per cent of the out- 
put of the left ventricle. 

2. An increase in the amount of blood flowing through the 

pulmonary artery and a decrease in the peripheral 
blood flow. 

Since the blood shunted from the left to the right ven- 
tricle promptly returns to the left ventricle via the pul- 
monary circulation, the output of the left ventricle con- 
tinues to be the same as that of the right. 

In these animals the total output of both ventricles is 
greater after the production of the septal defect than be- 
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fore; therefore, the lesion imposes a significant burden on 
the heart and represents a considerable amount of wasted 
cardiac effort. X-rays of the heart taken before and after 
producing the lesion have shown that the presence of such 
a septal defect leads to a marked increase in the size of the 
right ventricle. 

The following observations in one dog are cited as an 
example : 


Cardiac output before operation 3.15 liters per minute 

After operation: 

Pulmonary blood flow 4.07 liters per minute 

Peripheral blood flow 2.63 liters per minute 

Amount of shunt 1.44 liters per minute 


A Simple Method for the Bioassay of Renin . By Otto 

Schales and Florence W. Haynes (introduced by G. 

P. Grabfield), Boston, Mass. 

In connection with work on hypertension it was of im- 
portance to have a simple method for testing a large num- 
ber of extracts for their renin content. Rabbits were used 
for the tests as their blood pressure is conveniently meas- 
ured in the ear artery by a membrane manometer. A test 
procedure was standardized which, despite its simplicity, 
gives reliable and reproducible results. The extracts were 
injected intravenously in the right denervated ear. For 
the assay of each extract 4 animals were used and amounts 
were injected which would cause a rise in blood pressure 
of 20 to 40 mm. mercury. 

From the data on 4 animals there was calculated the 
amount of renin (as micrograms of nitrogen) which had 
to be given per kilogram of rabbit to cause an average rise 
in blood pressure of 30 mm. We call this amount one 
rabbit unit. 

If S = sum of renin per kilogram (in micrograms of 
nitrogen) in 4 rabbits and B = sum of rises in blood 

pressure in 4 rabbits, then — X 30 = 1 R.U. 

B 

This method for the bioassay of renin makes it possible 
to give data concerning yield and degree of purity for each 
step of the various chemical procedures involved in the 
preparation of renin. 

Electrocardiographic and Radiological Studies of the 

Heart During Normal Pregnancy . By A. Gerson 

Hollander (introduced by J. Hamilton Crawford), 

New York, N. Y. 

During the course of pregnancy, especially when mur- 
murs are present, the question arises as to whether or- 
ganic heart disease is present. X-ray changes are some- 
times found which seem to support such a diagnosis. In 
order to study the x-ray variations which occur in the 
heart during normal pregnancy, eleven cases with no sus- 
picion of heart disease have been followed throughout 
pregnancy and postpartum. In addition, a series of 
twenty individuals who had suspicious findings during 
pregnancy, but who postpartum proved normal, was 
analyzed. Postero-anterior, left and right oblique views 


with the barium-filled esophagus were taken. The most 
common finding in both series was an invasion of the 
anterior wall of the esophagus, usually with no displace- 
ment of the esophagus as a whole. Another change less 
frequently present was prominence in the region of the 
pulmonary conus and pulmonary artery and, on rare occa- 
sions, elevation of the left bronchus. These changes sel- 
dom took place simultaneously. 

Twenty-two normal women were followed throughout 
pregnancy with serial electrocardiograms, leads I and III 
being taken synchronously. The common alterations 
which took place were the development of a deep Q wave 
and a negative T in lead III. There was a gradual shift 
of the electrical axis to the left of 20 to 30 degrees. The 
axis, however, at no time exceeded the recognized normal 
limits. 

A Piezoelectric Manometer for Various Clinical Studies 
of the Form and Velocity of the Intraesophagcal Pres- 
sure Pulses . By Jan Nyboer (introduced by Herman 
O. Mosenthal), New York, N. Y. 

A successful attempt was made to substitute an elec- 
trical method (J. Clin. Invest., 1938, 18, 511) for the 
conventional mechanical one of an optical membrane- 
manometer as the terminal pressure instrument for intra- 
esophageal pulse studies. In this device, a small rubber 
balloon was connected by a (Number 16 Fr.) soft rub- 
ber esophageal catheter to a metallic aneroid on which was 
mounted a wire leading to a piezo-crystal unit. The po- 
tentials generated from the crystal by the undulating pres- 
sures in the aneroid were recorded by a string galvano- 
meter controlled by a vacuum-tube amplifier. Simul- 
taneous tracings of pressures by both methods proved an 
equivalent accuracy but greater convenience and increased 
sensitivity of the electrical device was noted as compared 
with the mechanical one. 

For purposes of study of the relative velocity and direc- 
tion of the complicated pressure changes during the cardiac 
cycle, the piezoelectric potentials may be electrically dif- 
ferentiated by the method described elsewhere (J. Clin. 
Invest., 1940, 19, 963). 

For increased accuracy in reference to a given retro- 
cardiac level, simultaneous esophageal electrocardiograms 
were made from an electrode fixed at the tip of the 
catheter near the esophageal balloon. Tracings were 
taken in 2.5 cm. steps between the lower end of the 
esophagus and a position opposite the aortic arch. These 
pressure pulses confirm in part their recent description by 
Taquini (Am. Heart J., 1940, 20, 129) and suggest their 
probable usefulness in the study of the normal and ab- 
normal heart. An attempt was made to evaluate the 
juxta-ventricular esophageal pulsation in cases of posterior 
myocardial infarction. 

The Production of Hypothyroidism in Rabbits by Injec- 
tions of Thyroglobulhu Its Relation to Refractoriness . 

By J. Lerman, Boston, Mass. 

The demonstration of thyroglobulin antibodies by 
Hektoen and Schulhof (J. A. M. A., 1923, 80, 386) 
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raised the question, "Arc these antibodies antimetabolic 
(antihormoncs) ? ” In 5 out of 7 rabbits immunized with 
human thyroglobulin there developed some degree of 
refractoriness to subsequent intraperitoncal injections of 
thyroglobulin. The negative results of other investi- 
gators (Schulhof, Am. J. Physiol, 1930, 93, 175 and 
Rosen and Marine, Am. J. Physiol., 1937, 120, 121) are, 
I believe, due to technical difficulties. 

Another important attribute of thyroglobulin antibodies 
is that they arc “ hormone-specific ” rather than “ species- 
specific.” 

These two effects should theoretically lead to inhibition 
of the immunized animal’s own thyroid. In fact, 7 of 8 
rabbits immunized with human thyroglobulin over a long 
period of time (6 months or more) developed metabolic 
rates of minus 20 to minus 35 per cent below normal; 
they behaved in other respects like myxedematous ani- 
mals. Another animal reached a level of minus 14 after 
5 months of immunization. The findings of Morgan 
and Ivy (Proc. Soc. Exper. Biol and Med., 1934, 31, 
1139) are, in some respects, similar. They produced 
'* cretin-like " rabbits by injection of serum from chickens 
which had been immunized with a crude extract of 
thyroid. 

Inasmuch as one of our main interests is the treatment 
of human hyperthyroidism, and since the above results 
suggested a possible mode of controlling the disease, we 
immunized one patient suffering from Graves’ disease 
with sheep thyroglobulin for 3 months. It was impossible 
to obtain a high antibody titer in the serum of this patient, 
and the clinical results were entirely negative. Further 
trials of this sort are indicated. 

Pitressin in Oil, Prolonged Antidiuretic Effect in Ex- 
perimental and Clinical Diabetes Insipidus, By D. J. 
Stephens, Rochester, N. Y. 

•The recent literature contains references to prolonga- 
tion of the antidiuretic effect of posterior pituitary ex- 
tracts emulsified in oil and beeswax by the subcutaneous 
implantation of posterior pituitary powder, by the in- 
jection of pituitrin and posterior pituitary extracts in the 
presence of zinc salts and by the administration of a 
suspension of pitressin in oil This communication re- 
ports the results of a study of the effect of pitressin in 
oil in two dogs with experimental diabetes insipidus and 
in 7 patients with diabetes insipidus. Urine was col- 
lected in 4-hour periods and the volume, specific gravity, 
and, in some instances, chloride concentration were de- 
termined before and after the subcutaneous administra- 
tion of an aqueous solution of pitressin and of a sus- 
pension of pitressin tannate in peanut oil The duration 
of the antidiuretic effect of the largest tolerated doses of 
aqueous pitressin (10 to 20 pressor units) was from 4 to 
8 hours. Single doses of 1 cc. of pitressin in oil (4 
pressor units) exhibited antidiuretic effect of from 24 to 
96 hours in duration. The maximum effect of pitressin in 
oil on urine volume and specific gravity was greater than 
the maximum effect of the largest tolerated doses of 
pitressin in aqueous solution. No local or general reac- 


tions were encountered after the administration of pitres- 
sin in oil. 

Considering both intensity and duration of antidiuretic 
effect, pitressin in oil is at least 15 times as effective a y 
aqueous pitressin. In patients with diabetes insipidus, 
not only is the number of hypodermic injections greatly 
reduced, but symptoms, urine volume, and specific 
gravity are more consistently and satisfactorily con- 
trolled by pitressin in oil than by any other method of 
treatment available at the present time. 

Clinical and Biochemical Studies of Female Hirsutism 
and Virilism with Special Reference to Differential 
Diagnostic and Prognostic Significance of Urinary 
Ketosteroid Excretion . By Harry B. Friedgood (in- 
troduced by James P. O’Hare), Boston, Mass. 

Clinical and biochemical observations were made on 10 
normal women, on 65 patients with various types of 
hirsutism and virilism not attributable to neoplasm, and 
on 2 cases of virilism due to malignant corticoadrenal 
tumor. Included among the clinical studies were the fol- 
lowing: (1) Precipitating factors related to the onset 
of hypertrichosis (e,g., menarche, menopause, pregnancy, 
amenorrhoea, etc.) ; (2) course of development, extent 
and distribution of various types of hypertrichosis ; (S) 
physiological significance of therapeutically-induced and 
spontaneous improvement in hypertrichosis. 

Biochemical studies were concerned with establishing 
the range of 24-hour ketosteroid excretion in various cir- 
cumstances. The ketosteroid output of normal women 
and of hirsute patients fell within the same range; that 
of virilistic women was generally outside the upper limits 
of normal, although these values overlapped occasionally. 
Ketosteroid determinations gave reliable help in the dif- 
ferential diagnosis between virilism due to corticoadrenal 
tumor and that not attributable to neoplasm. Quantita- 
tion of the ketosteroids was also of aid in determining 
prognosis, inasmuch as it led to the prediction of post- 
operative recurrence of a corticoadrenal tumor several 
months before this was suspected clinically. 

The marked increase in urinary ketosteroids which is 
characteristic of tumor-induced virilism is due to the 
excretion of abnormally large amounts of dehydroiso- 
androsterone, which ordinarily constitutes only a small 
fraction of the androgen content of urine. Dehydroiso- 
androsterone is determined quantitatively, therefore, for 
its diagnostic value whenever corticoadrenal tumor is the 
suspected cause of virilism. 

The Relation of Dark Adaptation ( Determined by the 
Hecht Adaptometer) to Blood Carotene and Blood 
Vitamin A, Levels. By E. White Patton and W. R. 
Sutton (by invitation) and John B. Youmans. 

Using the ^ Hecht adaptometer, the rod threshold for 
light perception was determined in approximately 50 in- 
dividuals . In each individual, the threshold was obtained 
bodi with and without previous light adaptation. When 
light adaptation preceded dark adaptation, the technic 
described by Hecht was used. When no previous light 
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adaptation was employed, the subject was allowed to 
dark adapt for 20 minutes and the threshold was then 
measured. The correlation of the rod thresholds ob- 
tained by the two technics was quite satisfactory. The 
group included individuals with normal and elevated 
thresholds, and the individuals varied in age from 8 to 72 
years. 

Using the threshold obtained without previous light 
adaptation, a comparison was made between the rod 
threshold, the blood serum vitamin A, and the serum 
carotene levels in approximately 400 individuals. Each 
subject was examined twice, once in the fall -and again 
in the spring. The average dietary intake of the entire 
group was decidedly more adequate in vitamin A and 
carotene at the time of the fall examination. Considering 
the entire group, little direct correlation could be dis- 
cerned between the rod threshold levels and the blood 
serum vitamin A or carotene levels. There was a strik- 
ing difference in the incidence of abnormal serum vitamin 
A and serum carotene levels in the two examination 
periods. On examination in the spring, the level of serum 
vitamin A and carotene in the blood was low in a large 
number of the individuals. When the same individuals 
were reexamined in the fall, the majority of them were 
found to have normal levels. No significant difference 
was found in the number of abnormal adaptometer thresh- 
olds occurring in the two examination periods. 

Further work is now in progress to evaluate the rela- 
tionship of the dietary intake of vitamin A and carotene 
to these procedures, and other factors such as age, etc., 
which may influence them are being studied. 

Hormonal Factors Influencing Skeletal Growth . By 

Willard O. Thompson, and (by invitation) Norris J. 

Heckel and Richard M. Morris, Chicago, 111. 

Studies in man during the past several years appear to 
support the following conclusions : 

1. The growth and configuration of the skeleton are 
under hormonal control. 

2. The thyroid and the pituitary appear to affect pri- 
marily the length of the skeleton. There is some evi- 
dence that the thyroid affects the growth of bone by 
stimulating the production of growth principle in the 
anterior lobe of the pituitary. 

3. The gonads through their production of sex hor- 
mones affect the proportions of the various parts of the 
skeleton, as well as its length. Thus it may be shown 
that : 

(a) In men and women whose gonads have not func- 
tioned during the period of skeletal growth the trunk is 
usually very short in proportion to the extremities, the 
total height of the body being within normal limits. This 
disproportion may be in part the result of failure of 
epiphyseal growth in the vertebrae which occurs at the 
time of puberty. 

(6) In young boys the administration of either 
chorionic gonadotropin or male sex hormone will not only 
cause stimulation of genital growth but will also cause 


the skeleton to grow in length at an abnormally rapid 
rate and will cause the trunk to become long in proportion 
to the extremities. Whether or not premature stimula- 
tion of genital growth causes premature closure of epi- 
physes is still a debatable point. It would appear that 
closure of epiphyses is dependent upon a certain amount 
of aging in the bone itself. 

(c) In pituitary dwarfs with hypogonadism in whom 
the epiphyses are open, administration of the male or 
female sex hormone, depending upon the sex of the in- 
dividual, may result in a great increase in length of the 
skeleton and a proportionately greater increase in the 
length of the trunk than of the extremities. 

4. The influence of hormones is modified by hereditary 
and nutritional factors which affect bone directly. 

The growth of the skeleton must, therefore, be thought 
of as a complex process which involves a delicate balance 
between hormonal, hereditary and nutritional factors. 

Studies of Lymph in the Adrcnalcctomised Dog . By 
Oliver Cope, Addison G. Brenizer, Jr. (by invitation), 
Hugo Polderman (by invitation) and Henry K. 
Beecher, Boston, Mass. 

Using local procaine anesthesia, the cervical lymphatic 
trunks were cannulized in trained normal and adrenalec- 
tomized dogs in various stages of insufficiency. The flow 
of lymph was stimulated either by rhythmic motion of the 
head or gentle massage. The lymph was compared with 
the serum of blood samples removed during collection; 
the proteins, amylase activity, NPN, Na, K, Ca, total base, 
Cl, C0 2 , P0 4 , pH, sugar and hematocrit were measured. 
The arterial blood pressure and plasma and extracellular 
fluid volumes were determined. 

The outstanding change in lymph encountered was a 
rise in protein from 2.0 to 2.5 per cent in the normal to 
2,7 to 5.0 per cent in the insufficient dogs. The serum 
protein did not show a corresponding rise. The amylase 
activity * of lymph rose parallel to the activity of serum 
but was lower in lymph than in serum in both the normal 
and insufficient animal. The electrolytes, NPN and sugar 
followed closely the levels in the blood of both the normal 
and insufficient animal. The volume of lymph collected 
was increased in the insufficient dog. The reported de- 
creased plasma and increased extracellular fluid volumes 
were confirmed. The findings suggest increased capillary 
permeability in adrenal cortical insufficiency in the dog. 

Measurements of the Velocity of Sound in the Human 
Body and the Value of this Quantity in the Design of 
Stethoscopes . By Franklin D. Johnston and Paul 
S. Barker, Ann Arbor, Mich. 

When a sound wave passes from a dense into a rare 

* Cope, Oliver, Kapnick, Israel, Lambert, Adrian, 
Pratt, T. Dennie, and Verlot, Max G. Endocrine function 
and amylase activity. II. Changes in activity of blood 
serum amylase in response to changes in adrenal cortical 
function in the dog and rabbit. Endocrinol ogy, 1939, 25, 
236. 
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medium much of the energy in the wave is reflected at the 
boundary so that very little is transmitted to an observer 
in the rare medium (air). The physical characteristics 
of the two media will determine the efficiency with which 
such transmission takes place. Thus, sounds arising in 
water arc very poorly heard in air since only 0.12 per 
cent of the energy* in the wave striking the water surface 
passes into the air. Similar considerations apply to sounds 
originating within the human body. 

A method for estimating the average velocity of trans- 
mission of sound through the human chest has been de- 
veloped and, when this velocity is multiplied by the mean 
density of the thoracic structures, a very* useful quantity — 
the specific acoustic resistance — is obtained. Knowing 
this, it can be shown that less than 1 per cent of the sound 
energy* arising inside the body passes into the air. 

A stethoscope serve s to increase greatly this transfer 
of energy* by acting as an acoustic matching transformer 
between the body and the air, and the form of the end- 
piece necessary* to achieve this end most efficiently can be 
calculated from the data at hand. 

The Oxygen Consumption of the Intact Mammalian 

Heart, By G. V. LeRoy (introduced by Richard B. 

Capps), Chicago, 111. 

The oxygen consumption of the heart of the intact dogs 


was studied by means of a modification of the direct 
method of Harrison, Resnik and Friedman. Two types 
of anesthesia were employed — nembutal and dial. The 
data arc compared with those of Harrison, et ah, who 
used 11 appropriate amounts 99 of morphine. In general, in 
this type of experiment the oxygen consumption and the 
mechanical efficiency of the heart vary inversely as the 
depth of the anesthesia. The dogs of Harrison, et ah, 
who were not submitted to a surgical procedure displayed 
the highest values of oxygen consumption and efficiency; 
the next highest values were in our nembutal group ; the 
next highest were found in the dogs of Harrison, et ah, 
who had been operated upon ; and the lowest values were 
from our dial group. Values for these same factors ob- 
tained from heart-lung preparations are generally lower 
because of the trauma encountered. Thus, anesthetic 
agents demonstrably influence cardiac energetics in an un- 
favorable manner. 

An observation of considerable importance, and one not 
emphasized heretofore, is the low oxygen saturation of 
coronary venous blood. This value averaged 20 per cent 
of arterial in our series, and was lower than one had 
imagined it to be. A simple calculation will demonstrate 
that even a normal heart cannot long tolerate a reduction 
of the coronary flow by more than 20 per cent without 
suffering myocardial ischemia. 




INFLUENCES OF ERYTHROCYTES AND OF LEUKOCYTES ON 
STABILITY AND TRANSFER OF ASCORBIC ACID 
IN HUMAN BLOOD 1 

By MARTIN HEINEMANN 

( From the Department of Internal Medicine, Yale University School of Medicine, New Haven) 
(Received for publication April 22, 1941) 


Hitherto, in investigations of the stability and 
distribution of ascorbic acid in blood (1, 2), no 
attempt has been made to distinguish the relative 
activities of erythrocytes and leukocytes. These 
two groups of cells, however, differ with respect 
to development, structure, function and fate. It 
therefore seemed desirable to study the influence 
on and the reaction to the serum ascorbic acid of 
each type of cells separately. The results of such 
an investigation are here reported. Some obser- 
vations on the influence of composition and con- 
centration of serum protein on distribution and 
stability of serum ascorbic acid are added. 

METHODS 

Blood from healthy human subjects only was used. 
For reasons set forth previously (1), no anticoagulant 
was added, ^it freshly drawn blood was defibrinated by 
stirring tith a glass rod. In defibrinated blood, leuko- 
cytes cannot be separated from erythrocytes as distinctly 
as in oxalated blood. Therefore, a compromise was 
worked out on the following basis: Instead of studying 
red blood corpuscles and leukocytes separately, i.e., each 
without the presence of the other, erythrocytes with and 
without leukocytes were observed. Once the effect of 
the presence of erythrocytes became known, differences 
in reactions noted with erythrocytes plus leukocytes were 
ascribed to the presence of the latter. 

Defibrinated blood was transferred to ordinary conical 
15 cc. centrifuge tubes (Fyrex glass) which were stop- 
pered and kept for 1% hours at about 25° C. During 
this time of slow spontaneous sedimentation, leukocytes 
remain in the upper layer. Thereafter the tubes were 
centrifuged at moderate speed for 20 minutes. After 
carefully removing the supernatant serum, 2 a semi- 
capillary pipette was introduced to the bottom of the 
centrifuge tube and approximately four-fifths of the 
cells were transferred to a flask by means of suction. 
This portion of cells was found to contain no leukocytes, 
or almost none. Serum was added in amounts propor- 
tional to the number of erythrocytes desired. The re- 


maining one-fifth of cells was gently shaken with about 
twice its volume of serum in order to suspend the layer 
of cells adherent to the wall of the centrifuge tube. 

Determination of ascorbic acid 

In whole blood, ascorbic acid was determined by the 
method of Emmerie and van Eekelen (3), in plasma 
by that of Mindlin and Butler (4). 

For the latter procedure, if applied to serum obtained 
from defibrinated blood, it has been shown previously 
(1) that a stable color with dichlorindophenol is only 
developed if the final reaction of the filtrate is so ad- 
justed that 0.215 cc. of 0.1 n NaOH will bring it to the 
neutral point with phenolphthalein as indicator. From 
sera with normal protein content filtrates of this nor- 
mality can be attained when 0.515 N HPO a is used for 
deproteinization. Since one volume of serum is diluted 
with one volume of distilled water before two volumes 
of acid are added, the latter becomes diluted once, re- 
ducing its normality to — — = 0.2575 n. With normal 

sera, then, 0.2575 — 0.215 (=0.0425) constitutes the de- 
crease in normality due to the combination of HPO a with 
protein. If ascorbic acid is to be measured in sera with 
abnormal protein concentrations, as in some of our ex- 
periments, this decrease in normality has to be measured 
in advance in order to obtain filtrates of 0.215 N. For 
this purpose, serum is precipitated with 0.515 N HP0 3 
and the normality of the filtrate (A) is measured by 
titration with 0.1 N NaOH. It was found experimentally 
that the following equation can be applied: 

2(0.2575 — A + 0.215) = 2(0.4725 — A) = normality 
required for precipitation. Transfers of ascorbic add 
from serum to cells were estimated as in previously de- 
scribed experiments (2). 

Different concentrations of protein in the same serum 
were obtained by ultracentrifuging for 2 hours at 45,000 
r.p.m. (142,000 g.), the tubes being held at an angle of 
25° to the vertical. 

Attempts to study serum substrates and filtrates by 
using Lavietes method of ultrafiltration (5) were un- 
successful because contact with mercury causes significant 
destruction of ascorbic acid, even under anaerobic con- 
ditions and at 7° C. 


1 Aided by a grant from the John and Mary R. Markle EXPERIMENTAL RESULTS 

Foundation. 


2 Serum thus removed must be centrifuged again 
it may still contain a few cells. 


since Effect of erythrocytes and of leukocytes on 
stability of serum ascorbic acid. Serum separated 
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at once from defibrinated blood was continuously erythrocytes invariably protected ascorbic acid in 

agitated at about 25° C. and at 37° C. in an atmos- serum, whereas the presence of leukocytes en- 

phere of air. Under such conditions, ascorbic acid hanced the rate of destruction, 

was observed to be destroyed in 9 different sepa- Transfer of added ascorbic acid from serum to 
rated sera at a rate of from 5 to 10 per cent of the erythrocytes and to leukocytes. Figure IB, repre- 
original per hour. This is about the same rate re- sentative of 5 experiments, demonstrates that ( 1 ) 

ported by Kassan and Roe (6). Figure 1/1 de- no significant decrease in the concentrations of 

picts one experiment representative of 8 with es- ascorbic acid in true serum was noticeable with 

sentially identical findings. The presence of erythrocyte counts varying from 3.7 to 4.4 mil- 

EI-7 



Fig. 1. Stability and Transfer of Ascorbic Acid in Blood Containing 
Different Types of Cells 

Solid circles indicate sera separated from cells at zero time, open circles 
indicate sera removed immediately before determinations. All experiments were 
carried out with continuous agitation; A and C at room temperature in an 
atmosphere of air; B under nitrogen at 37° C. “E” and “ GR ” = abbrevia- 
tions for erythrocytes (in millions) and leukocytes (in thousands). 
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lions per cubic millimeter and (2) when leukocytes 
were also present, transfers of ascorbic acid regu- 
larly occurred and, as previously observed, were 
self-terminative in about 30 minutes. The amounts 
transferred were proportional to the number of 
leukocytes. 

Effects of different protein concentrations on 
distribution and stability of ascorbic acid in scrum. 
Table I presents concentrations of ascorbic acid in 

TABLE i 

Distribution and stability of ascorbic acid in scrum when 
protein concentrations were changed by 
ultracentrifuging 



Upper 

layer 

Middle 

layer 

Lower 

layer 

Total protein, per cent 

4.46 

5.54 

7.60 

Albumin, per cent 

3.30 

4,26 

4.71 

Globulin, per cent 

1.16 

1.28 

2.89 

Ascorbic acid, mgm , per 




liter , initial 

13.2 

13.4 

12.8 

After one hour at 28° C. in 
air 

11.8 

11.6 

11.6 


*To 50 cc. of serum from defibrinated blood one cc. 
1.5 M phosphate buffer pH 7.3 was added in order to main- 
tain identical pH in all layers. 


different layers obtained from the same serum by 
ultracentrifuging. It also shows the rate of de- 
terioration of ascorbic add in each layer when ex- 
posed to air for one hour at 28° C. 

DISCUSSION 

There is unanimity among the students of this 
subject that ascorbic acid in true serum of whole 
blood is significantly more stable than in separated 
serum. The presence of blood cells obviously pro- 
tects serum ascorbic acid. From our experiments 
it now appears that the effects of red blood cor- 
puscles and of leukocytes are essentially different. 
Ascorbic acid is completely protected in true serum 
containing erythrocytes only. 

This stabilizing effect of red cells was also 
studied with varying numbers of cells. When cal- 
culated per one mgm. of ascorbic add in serum, it 
appeared quite regularly that approximately 100,- 
000 erythrocytes per cubic millimeter do protect 
such a concentration, while fewer cells do not. 

Under the same conditions, vis. in air, leuko- 
cytes do not prevent, but rather enhance the de- 
terioration of ascorbic acid in serum. Determina- 


tions of ascorbic acid in whole blood carried out 
simultaneously proved that this decrease of serum 
ascorbic acid in air in the presence of leukocytes 
is due to actual loss and not to oxidation of 
ascorbic acid to its dehydro form. This effect of 
leukocytes obviously requires the presence of oxy- 
gen, since it did not occur under nitrogen. From 
these observations it would appear that erythro- 
cytes and leukocytes affect oxidative and/or re- 
ducing processes in serum in essentially different 
ways. Neither of these influences seems to be due 
to changes in serum induced by cellular leakage; 
they seem rather to be dependent upon the pres- 
ence of intact cells. In Figure 1(7 erythrocytes 
again had protected serum ascorbic acid, while 
erythrocytes plus leukocytes had promoted its de- 
terioration up to the time indicated by arrows 
when both these sera were removed from their re- 
spective cells and further observed as separated 
sera. It then became evident that their rate of de- 
terioration followed rather closely that of serum 
separated at the very beginning of the experiment 

Under these conditions of our experiments, 
ascorbic acid was transferred from serum to leuko- 
cytes but not to erythrocytes. This observation 
does not imply that erythrocytes do not contain 
ascorbic acid in vivo . It is quite possible that ob- 
servations extended over longer periods of time 
would establish transfer of ascorbic acid from 
serum to erythrocytes, too. Such an extension of 
the duration of observation, however, involves the 
danger of cell volume changes or hemolysis which 
are prohibitive in studies of distribution. But 
even if transfer from serum to erythrocytes could 
be demonstrated in vitro , the amounts transferred 
could only be a fraction of those transferred to 
leukocytes. 

A similarly significant difference between the 
ascorbic acid content of leukocytes and erythro- 
cytes was described by Butler and Cushman (7) 
who noted a concentration of ascorbic acid in the 
former of about 40 times that in the latter. 
Crandon, Lund and Dill (8) confirmed this ob- 
servation and further reported that leukocytes re- 
tain their ascorbic acid much longer than erythro- 
cytes in the course of vitamin C deprivation. Our 
findings that in vitro transfer of ascorbic acid oc- 
curs chiefly from serum to leukocytes is in com- 
plete agreement with in vivo observations by Ralli 
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and Sherry (9). These authors noted decreased 
plasma concentrations of ascorbic acid following 
the administration of insulin. Upon further in- 
vestigation, this decrease appeared to be due to a 
redistribution of serum ascorbic acid rather than 
to true loss. The decrease in plasma ascorbic acid, 
then, was found to be associated with a rise in the 
ascorbic acid content of leukocytes (and platelets), 
whereas no such increase could be demonstrated 
for red. cells. 

As in previously reported experiments (1, 2), 
transfers were studied at 37° C., with continuous 
agitation, in an atmosphere of nitrogen, the latter 
being essential for the prevention of oxidative de- 
struction. The protective action of nitrogen was 
reestablished not only for separated sera but also 
for true serum separated after 45 and 90 minutes 
from blood containing only 1.4 million erythro- 
cytes, but 6,800 leukocytes per cubic millimeter, re- 
spectively. As stated above, the latter type of cells 
caused increased destruction of serum ascorbic 
acid in air; since erythrocytes protected serum 
ascorbic acid even in air, transfer of ascorbic acid 
added to serum could also be studied in such an 
atmosphere with blood containing only erythro- 
cytes. No transfer of ascorbic acid from serum to 
erythrocytes up to 5.0 million per cubic millimeter 
was detected in blood exposed to air. 

This striking difference between erythrocytes 
and leukocytes in their reaction to large concen- 
trations of serum ascorbic acid further supports 
earlier conclusions that the distribution of ascorbic 
acid in blood does not follow the laws of simple 
diffusion. It was demonstrated previously (1, 2) 
that the exchange of ascorbic acid between serum 
and cells (a) depends on the maintenance of 
physiological temperature, ( b ) is unidirectional, 
viz., from serum to cells only and not vice versa; 
from the presently reported experiments it can be 
added that this exchange (c) involves only leuko- 
cytes. In other tissues, too, preferences similar to 
these observed among blood cells seem to prevail ; 
the endocrine glands, c.g., the adrenals, are recog- 
nized as containing significantly higher ascorbic 
acid concentrations than liver, kidney or muscle 
tissues. 

Our observations that changes in protein con- 
tent, subsequent to ultracentrifuging, did not af- 
fect the distribution of ascorbic acid in serum con- 


firm findings by Coolidge (10) who mentions 
equal concentrations of ascorbic acid in substrate 
and ultrafiltrate of human serum obtained by his 
newly devised method. 

The previously established irreversibility of the 
transfer of ascorbic acid from serum to cells (2) 
had been attributed to a combination of ascorbic 
acid with intracellular substances. In that con- 
nection, proteins had been mentioned because sev- 
eral communications referred to ascorbic acid as 
bound to this group. From our present studies, 
however, it is obvious that ascorbic acid is not 
bound to serum proteins. Nor did different con- 
centrations or differences in composition of serum 
protein influence the stability of ascorbic acid 
when studied in an atmosphere of air. 

SUMMARY 

In an atmosphere of air,' the deterioration of 
serum ascorbic acid is prevented by the presence 
of intact erythrocytes, while it is enhanced by that 
of leukocytes. 

Under nitrogen, ascorbic acid added to serum is 
transferred to leukocytes but not to erythrocytes. 
Neither do the latter take up the vitamin in an 
atmosphere of air. 

Ascorbic acid is not bound to serum proteins 
nor do different protein concentrations induce dif- 
ferent rates of deterioration of serum ascorbic 
acid. 

The influence of leukocytes was not studied 
separately but was estimated from studies of 
erythrocytes with and without leukocytes, the dif- 
ferences between the two being ascribed to 
leukocytes. 

We are indebted to Miss M. Toothill who offered her 
most generous cooperation and performed the consider- 
able number of blood counts involved in this investigation. 

We wish to express our gratitude to Dr. K. G. Stern 
who kindly helped us in the use of the ultracentrifuge. 
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The frequency with which elevation of arterial 
pressure attends stenosis (coarctation) of the arch 
of the aorta was first made clear several years ago 
by Lewis (1), and has recently been emphasized 
by King (2) in a complete review of cases in 
which estimations of arterial pressure have been 
made. King agrees essentially with Lewis when 
he says, “ Hence, there is no well defined case so 
far recorded in which the circulatory compensa- 
tion was above suspicion and in which the pres- 
sure in both arms was found to be normal.” In 
this statement the upper limit of normal systolic 
pressure is taken to be 140 and diastolic, 100 mm. 

Hg. 

Various explanations have been advanced to ac- 
count for hypertension in the arms which occurs 
with such regularity in association with coarcta- 
tion of the aorta. Blumgart, Lawrence and Ern- 
stene (3) ascribed the hypertension to the resist- 
ance furnished by the constriction of the aorta 
and by the collateral passages. They held this 
view chiefly because arteriolar pressure in the 
upper extremities was found to be normal. 

From studies of blood flow in the hand and 
upper arm, Prinzmetal and Wilson (4) and Pick- 
ering (S) came independently and almost simul- 
taneously to conclusions which differed from the 
earlier notions of Blumgart and his co-workers. 
Both authors found that there was an increase in 
resistance to the flow in the upper extremities 
which was of general distribution, but they were 
unable to agree upon the mechanism by which the 
increase was brought about. Prinzmetal and Wil- 
son believed that the increase in arteriolar tone was 
due to hyperactivity of the vasomotor nerves for, 
when the vasoconstrictor activity was inhibited by 
application of heat, the increase in the flow of 
blood through the hand was found to be much 
greater than in normal individuals or in individuals 
suffering from “ essential ” hypertension. The re- 
sults of Pickerings studies were in accord with 


Prinzmetal and Wilson so far as general distribu- 
tion of increased resistance was concerned. Pick- 
ering was, however, unable to show any greater 
increase in flow of blood than that encountered in 
normal individuals either when heat was applied to 
the arm or when the nerves of the extremities had 
been injected with novocain. Evidence for the 
existence of nervous origin of the arteriolar hyper- 
tonus was lacking in his experiments. He pointed 
out that there were no known nervous pathways 
which could lead stimuli to affect only the vaso- 
motor system in the upper half of the bod}'- and 
that the view that a substance circulating in the 
blood could give rise to contraction of the vessels 
in the upper half of the body only was likewise 
untenable. He suggested tentatively that some ab- 
normality of the peripheral arterioles — such as 
hypoplasia of the glomi — might explain an in- 
crease in resistance in the upper extremities. 
This notion avoided the necessity of inferring an 
increase in tone confined to the arterioles of the 
upper half of the body. 

Conclusions from these studies were drawn un- 
der the assumption that increased resistance was 
present only in the upper half of the body in 
coarctation of the aorta. When the facts upon 
which this assumption rests are more closely ex- 
amined, it becomes evident that they are insuffi- 
cient. First, the importance of diastolic pressure 
in drawing conclusions concerning peripheral re- 
sistance has not been recognized. A dear distinc- 
tion between increase in peripheral or arteriolar 
resistance and increase in elastic resistance, due in 
coarctation of the aorta mainly to decrease in 
size of the arterial reservoir, needs to be made. 
For measuring peripheral resistance, diastolic, not 
systolic pressure is important. Second, measure- 
ments of pressure in the legs carried out by the 
auscultatory technique with pneumatic cuffs of a 
size suitable for arms, often in the presence of ad- 
mittedly feeble Korotkow’ sounds, cannot be con- 
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sidered reliable enough to show with any degree 
of certainty that either level of arterial pressure is 
high, low or normal in the lower half of the body. 
Third, the number of satisfactory observations 
upon arterial pressure in the legs are too few. 

The inadequacy of the information so far avail- 
able made it desirable to describe direct simultane- 
ous records of arterial pressure in radial and 
femoral arteries of three cases of coarctation of 
the aorta. The records were obtained by use of 
two Hamilton intra-arterial manometers. All 
three cases exhibited marked hypertension in the 
upper extremities and also many of the symptoms 
so frequently observed in instances of “ essential ” 
hypertension, such as emotional instability, head- 
ache and easily induced fatigue. Two of the 
cases were classified for several years in more 
than one clinic as “ essential ” hypertension. 

Case I. 1 W . G . A white male clerk, aged 30, was 
first seen at the hospital of the Rockefeller Institute on 
January 27th, 1936. He had always been nervous and 
moody and had been told at 10 years of age that he had 
high blood pressure. At 21 years of age he began to 
notice palpitation and mild precordial pain on effort and 
with excitement and headache. On examination the 
sounds of the heart were distinct, the rate regular but 
rapid and a loud systolic murmur was always present in 
the third right interspace. The walls of the radial ar- 
teries were readily palpable but elasticity as inferred 
from measurements of the velocity of the arterial pulse 
wave in the brachio-radial artery (6.4 meters per second) 
was within the range of normal. Brachial arterial pres- 
sure was very variable (170/96 to 230/130; on one occa- 
sion, 280/170). The pressure in the legs was not easily 
measured by auscultatory technique; it was, roughly, 
120/100 with a pneumatic cuff 20 cm. wide. There were 
well-marked subscapular pulsations and murmurs. The 
femoral pulse was scarcely palpable. Renal function was 
normal, the basal metabolic rate varied between + 6 and 
+ IS per cent. Dr. Harold J. Stewart (Case S, Stewart's 
(30) series) found his cardiac output to be 2.85 liters per 
square meter per minute, a moderate increase. At that 
time (September 1939) the basal metabolic rate was + 25 
per cent. X-ray photographs of the chest showed the 
notching of the ribs described by Railsbeck and Dock 
(6), and constriction of the aorta was visible. On 
fluoroscopic examination there was little or no pulsation 
below the constriction, while above it was very vigorous. 

This patient is at present fairly well and working 
regularly as clerk-foreman. He complains still of fa- 
tigue, occasional palpitation and nervousness. His ar- 
terial pressure remains in the neighborhood of 220/120 
mm. Hg. 

i Cases 1 and 3 were kindly referred by Dr. William 
Goldring of New York University Medical School. 


Case 2. H. L. A married woman, aged 46 at death 
on June 31st, 1939, came to this hospital November 14th, 
1922 complaining of headache and dizziness. She stated 
that arterial hypertension had beerf discovered one year 
previously. She was followed at rather frequent in- 
tervals throughout the remainder of her life. Until the 
appearance of signs of heart failure in 1937, she was 
quite well. Renal function was always good. Pulsations 
were present over the lower part of the chest posteriorly. 
The femoral pulse was just palpable. Arterial pressures 
measured by the auscultatory technique in the brachial 
artery varied between 210 and 260 mm. Hg systolic, 120 
and 180 diastolic; and in either leg between 100/96 and 
120/100. The measurements in the legs were made with 
a wide cuff. X-ray photographs of the thorax exhibited 
the characteristic notching of the ribs from 1922 on. 
In May 1938 a right-sided hemiplegia occurred. She suf- 
fered an attack of lobar pneumonia in January 1939 and 
died six months later following what was apparently a 
cerebral vascular accident. 

Postmortem showed a marked constriction of the aorta 
just above and at the level of the origin of the renal 
vessels. The lumen was reduced to about 2 mm. in 
diameter. The nature of the constriction is not yet 
clear. 2 

Case 3 . A . C. A healthy youth, aged 16, was referred 
to this hospital for study on March 1st, 1939 because 
hypertension discovered a few months earlier on exami- 
nation for working papers had lead to the diagnosis of 
coarctation of the aorta. His only complaints were that 
he became a little short of breath running with other boys 
and that he frequently had cramps in his legs at night 
after long walks (8- to 10-mile hikes). 

He was a large-framed, healthy looking lad. The 
radial pulse was full and bounding. Pressure in either 
brachial artery varied between 170 and 200 mm. Hg 
systolic, 100 and 108 mm. Hg diastolic. The sounds of 
the heart were essentially normal. On both sides of the 
chest, between the lower part of the scapulae and spine, 
deep strong arterial pulsations were seen and felt. The 
femoral pulses were barely palpable; popliteal and pedal 
pulses were not felt. Measurements of arterial pressures 
in the leg with two sizes of cuff placed just above the 
knee were unsatisfactory. With a 20 cm. cuff, systolic 
pressure was estimated at 116, diastolic at 104; with a 
12.5 cm. cuff, systolic and diastolic pressures were esti- 
mated at 120 and 108, respectively. 

The circulation time was measured on two occasions 
by intravenous injections of a solution of magnesium 
sulphate and calcium gluconate (7). Fair agreement was 
obtained between the two measurements (Table I) • It 
is of interest to note that on both occasions two distinct 
waves of heat were felt in the crotch, suggesting that 
part of the blood may have reached the perineum through 
the aorta and part through the collateral circulation. 

The patient continues to attend school and leads an 
apparently normal life free of symptoms. 

2 This location of aortic constriction is distinctly rare. 

A detailed report of the case will appear elsewhere. 
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TABLE I 


Velocity of flow of blood (Case 3) measured by injection of 
a solution of calcium gluconate and magnesium sulphate on 
tico occasions 


Test 

Face 

Tongue 

Chest 

Arm 

Hand 

Crotch 

Deg 

(Thigh) 

1 

12 

! 

14 

18 


20 

and 

31 

24 

2 

j 

12 

17 | 

21 

j 

1 

24 : 

22 

and | 
29 

i 

26 


Figures record in seconds the time of arrival of the sensa- 
tion of heat at the various points indicated ; Note the 
occurrence of sensation of heat twice in the perineal region 
(crotch). 

DISCUSSION 

The valuable collection of material by King has 
made it a simple matter to bring up to date the 
facts known about the levels of arterial pressure in 
cases of coarctation. King collected 175 cases in 
which blood pressure measurements had been made 
and since that time forty-two have been reported, 
making a total of 217 (Table II) (8 to 26). As 
King points out, practically all exhibit elevation of 
systolic pressure in at least one arm (Table III). 
Since the state of peripheral resistance is the chief 
concern of the present discussion, it is important 
also to note that elevation of diastolic pressure 
(above 100 mm. Hg) in at least one arm was 
present in nearly half of the number of cases in 
which it was measured (Table III). Diastolic 
pressure in the legs was recorded in only sixty- 
five cases, and in about one-fifth (twelve cases), 
in spite of very small pulse pressures, it was above 
100 mm. Hg. In four, it was higher in the legs 
than in the arms. It is plain, too, from frequent 
statements of the difficulty encountered in record- 
ing pressure in the legs by means of a pneumatic 
cuff and auscultation that these measurements may 
not be reliable. Even so, elevation of the diastolic 
pressure in the legs (and inferentially, increase in 
peripheral resistance) seems to be not altogether 
infrequent and the assumption that increase in pe- 
ripheral resistance is confined to the upper half of 
the body does not appear to be warranted. 

In the present study, direct simultaneous meas- 
urements of the levels of arterial pressure in radial 
and femoral arteries of the three cases of coarcta- 
tion of the aorta just described were obtained by 


the use of two intra-arterial manometers (27). 
Pressures recorded from the radial arteries of nor- 
mal and hypertensive individuals in this manner 
differ but little from those recorded for the femo- 
ral, especially with regard to diastolic pressure. 
Systolic is usually slightly higher in the femoral. 
In indirect measurements, if a larger cuff is used 
for the legs (20 cm.) than for the arms (12 cm.), 
the agreement between these measurements and 
those obtained from the intra-arterial manometers 
is better than with a small cuff, but is still not 
satisfactory. The use of both methods (intra- 
arterial manometers and auscultatory technique 
with a large cuff) demonstrates that the diastolic 
pressure is roughly the same in the femoral as in 
the radial artery in both normal and hypertensive 
individuals. 

The diastolic level of arterial pressure in the 
radial arteries was found, by direct measurement 
to be elevated in all three cases. The diastolic 
pressure in the femoral artery was above 100 mm. 
Hg in two cases (Figure 1, Case 1 and Figure 2, 
Case 3). In the case in which the diastolic pres- 
sure was below 100 mm. Hg in the legs (Figure 2, 
Case 2), not only a slight narrowing of the aorta 
in the region of the isthmus but almost complete 
occlusion just above the renal vessels was found 
on autopsy. This case is all the more interesting 
because of the great height of both levels of pres- 
sure in the arms. It was by clamping the aorta in 
this region, just above the renal arteries, that Page 
(28) was able to obtain the greatest elevation of 
pressure. The failure of the pressure to become 
elevated in the legs was probably due to the 
marked degree and the unusually low site of the 
constriction. Yet, with a pulse pressure of only 
15 mm. Hg, the diastolic pressure in the legs re- 
mained above 90 mm. Pulse pressure and systolic 
pressure were, as can readily be seen in the trac- 
ings, much smaller in the femora] than in the radial 
artery in all three cases. 

Study of a case of coarctation of the aorta by 
means of direct measurement of arterial pulse 
pressure was published by Woodbuiy, Murphey 
and Hamilton (29) while preparation of this 
manuscript was in progress. Their study includes 
a number of clear-cut detailed observations upon 
the dynamics of the circulation. It is important 
to note that these authors find only small differ- 
ences between diastolic pressure in femoral and 
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TABLE II 

Cases of coarctation of the aorta reported in the literature since 1937 


Number 

Author 

Sex 

Age 

Blood pressure 


Autopsy 

Arm 

Leg 

color 

i 

Appelbaum, E., and Kalk- 
stein, M. 

M. 

38 

R. 180/130 

L. 240/114 

Oscillometer 
reading 150/10( 

w. 

No 

2 

Barsantini, J. C., and Baz- 
zano, J. J. 

M. 

24 

R. 165/100 

L. 170/100 


w. 

Yes 

3 

Benkowitz, K. B. ? and 
Hunter, W. C. 

M. 

67 

R. 180/85 

L. 180/80 


? 

Yes 

4 

Gitlow, S. 

M. 

26 

mam 

123 by palpation 

w. 

No 

5 

Goodson, W, H. 

M. 

16* 

(average) 

110 

90 

w. 

Yes 

6 

Goodson, W. H. 

F. 

19 

R, 164/92 

L. 152/80 

Could not be 
read 

w. 

No 

7 

Hills, R. G. 

M. 

16 

R. 180/100 

L. 110/85 

110/90 

w. 

No 

8 

Klemola, E. 

M. 

27 

220/110 

? 

w. 

No 

9 

Klemola, E. 

M. 

20 

p 160-165 

80 

j 145-155 
‘ 80 

„ 125-135 

Rl 80 

L. 135/80 

w. 

No 

10 

Klemola, E. 

M. 

19 

200/100 

? 

w. 

No 

11 

Klemola, E. 

? 

22 

140/90 


w. 

No 

12 

McNair, J. S. 

M. 

11 

154/? 

90/70 

? 

No 

13 

Parker, R. L., and Dry, 
T. J. 

M. 

26 

R. 210/40 

L. 100/78 

No pulse felt 

? 

Yes 

14 

Regester, R. P., and Innes, 
M. B. 

M. 

19 

R. 190/150 to 190/124 
L. 130/90 

Not taken 

w. 

Yes 

15 

Ernstene, A. C., and 
Robins, S. A. 

M. 

47 

164/94 

86/76 

w. 

No 

16 

Rooke, E. J. 

M. 

3 

R. 150/85 

L. 110/? 

1 month later 162/? 

Not taken 

w. 

No 

17 

Sheldon, W. 

M. 

12 

150/100 

No pulse 

w. 

No 

18 

Steele, J. M. 

M. 

29 

R. 170/98 

R. 230/130 


w. 

No 

19 

| 

Steele, J. M. 

F.' 

45 

R. 170/120 

R. 282/168 


w. 

Yes 

20 

Steele, J. M. 

M. 

16 

R. 170/96 

R. 200/108 

R. 120/108 

w. 

No 

21 

Venzoni, M. 

M. 

24 

200/120 


w. 

Yes 

22 

Walker, J. B., and Living- 
stone, F. D. M. 

M. 

17 

178/100 

215/110 

110/90 

w. 

Yes 
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TABLE III 

Frequency of elevation of levels of arterial pressure in cases 
of coarctation of aorta 



Total 

Num- ! 

Per 


num- 

ber 

cent 


ber 

ele- 

ele- 


cases 

vated* | 

vated 

Cases with measurements of systolic pressure 




In at least one arm 

216t 

195 

90. 

In at least one leg 

98 

10 

10. 

Cases with measurements of diastolic pressure 




In at least one arm 

194 

86 

44.2 

In at least one leg 

73 

16 

22. 


* Pressures above 140 mm. Hg systolic and 100 mm. Hg 
diastolic were considered elevated. 

f One case (Number 39, Table II) was omitted since 
the degree of coarctation was so slight as to be insignificant 
in disturbing hemodynamic relationships and also because 
well-marked renal lesions were present at autopsy. 

radial arteries — 88 in the arm and 82 in the leg. 
These values for diastolic pressure are not indica- 
tive of an increase in peripheral resistance either 
above or below the coarctation but their close 
agreement suggests that peripheral resistance 
above the coarctation does not differ from that en- 
countered below it. On several occasions, how- 
ever, high values for diastolic pressures, both 
above and below the coarctation, were recorded 
during control periods (radial artery 111, dorsalis 


Mm.Hg. 



1 ^ec. 


Fig. 1. Simultaneous Tracings of Arterial Pres- 
sure from the Femoral and Radial Arteries (Case 
1) Redrawn to the Same Scale Illustrate the 
Difference in Pulse Pressure 

pedis 98 mm. Hg; radial artery 121, dorsalis pedis 
110 mm. Hg). Such high levels are rarely en- 
countered in normal persons and suggest that un- 
usual increases in peripheral resistance were not 
infrequent in this individual. 

It is plain that in coarctation of the aorta, in 
spite of a very low systolic pressure in the legs, 
a level of diastolic pressure comparable to that 


Mm. Hg Mm.Hg 



1 lsec. 

C 2 Case 3 

nv 2 Simultaneous Photographic Records of Arterial Pressure in the Radial and Femoral Arteries 
of Two Cases of Coarctation of the Aorta (Cases 2 and 3) Are Reproduced 
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in the amis often exists. Increase in cardiac 
output does not ordinarily account for the great 
increase in pressure which is frequently observed 
(30), although cardiac output may sometimes be 
large enough, as in one of Stewart’s cases (30), 
to account for mild rises in arterial pressure. 
These observations, together with the knowledge 
that the flow of blood in the legs is no greater than 
normal (1, 3), strongly suggest that peripheral 
arteriolar tone is increased throughout the body 
just as it is in “ essential ” hypertension. 

Evidence has been obtained that, following con- 
striction of the aorta in animals, hypertension in 
the upper half of the body occurs only when the 
constriction is above the orifices of renal vessels 
(31, 32, 33). The inference is, of course, that 
hypertension is due to interference with the renal 
blood supply as is tbe case when the renal arteries 
themselves are constricted. It has also been shown 
in dogs that increase in tone of the peripheral 
arterioles takes place under these circumstances in 
the lower as well as in the upper extremities (34). 
Although the pulse pressure is very small in the 
femoral arteries of dogs whose aortas have been 
constricted above the renal vessels, diastolic pres- 
sure may be higher than it was before the aorta 
was constricted. 

Constriction of the renal arteries in dogs, rabbits 
and monkeys regularly gives rise to increase in 
diastolic pressure throughout the body. It now 
appears that in dogs, in the same way, constriction 
of the aorta above, but not below the orifice of the 
renal vessels, also gives rise to an increase in 
diastolic pressure both in the upper and lower ex- 
tremities. The present observations in patients 
show that the increase in diastolic pressure often 
occurs in the legs as well as in the arms in coarcta- 
tion of the aorta. Elevation of diastolic arterial 
pressure does not then depend upon some local or 
mechanical disturbance, but upon a systemic re- 
action of the arterioles and in this respect resem- 
bles that which follows constriction of the aorta 
above the renal vessels in dogs and constriction of 
the renal arteries themselves. 

Evidence not entirely in accord with this inter- 
pretation of the facts exists. For one thing, indi- 
viduals suffering from coarctation of the aorta 
rarely, if ever, develop renal insufficiency in the 
common sense of the term. Their death is com- 
monly due to heart failure or apoplexy and not to 


renal failure. The recent clear demonstration that 
renal blood flow is markedly reduced in patients 
with coarctation of the aorta furnishes grounds 
for the belief that associated arterial hypertension 
is renal in origin (35). There are also the studies 
of Levy and Blalock (36) and, more recently, 
those of Brotchner (37) suggesting that the pro- 
portion of the total blood flow intercepted by con- 
striction of the aorta is important in the develop- 
ment of hypertension. Brotchner’s study was, 
however, carried out only within a period of 40 
minutes after constriction and may have little re- 
lation to subsequent events. This temporary ele- 
vation of pressure was shown in 1931 by Barcroft 
(38) to be practically abolished by shutting off the 
return flow from the inferior vena cava and pre- 
sumably had to do with redistribution of blood. 
It is possible, also, that elevation of diastolic pres- 
sure in the lower extremities may depend upon the 
belated delivery of blood to this region because of 
its circuitous route. The degree of delay (roughly 

0.05 to 0.07 second) of the maximal pressure, as 
measured in Case 2 and 3, would hardly seem to 
account for the observed increase in minimal 
pressure. 

SUMMARY AND CONCLUSIONS 

1. Review of the knowledge of levels of arterial 
pressure in 217 cases of coarctation of the aorta 
makes untenable the assumption that increase in 
peripheral resistance is situated in the upper half 
of the body only. 

2. In two of three cases of coarctation of the 
aorta, diastolic pressure has been shown by intra- 
arterial measurement to be elevated above 100 mm. 
Hg in the femoral, as well as in the radial arteries. 
This is interpreted as evidence of general increase 
in arteriolar tone throughout the body. 

3. In so far as the distribution of peripheral 
arteriolar resistance is concerned, arterial hyper- 
tension in coarctation of the aorta does not differ 
from the common forms of arterial hypertension. 
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The present paper reports observations on 54 
patients with cirrhosis of the liver who were 
treated by means of a highly nutritious diet to- 
gether with vitamin B concentrates. The basis for 
this treatment rests on several clinical and experi- 
mental observations. It is known that the inci- 
dence of cirrhosis of the liver is high in certain 
countries where nutritional deficiencies are en- 
demic (1, 2). Although malaria is blamed popu- 
larly for the high incidence of cirrhosis in these 
countries (3, 4), there is no direct evidence that 
malaria produces cirrhosis of the liver (5, 6). 
The association of cirrhosis and malaria suggests 
that the latter is a predisposing factor rather than 
a primary etiologic agent. The coincidence of 
enteric diseases with cirrhosis of the liver and with 
deficiency diseases may be explained similarly. In 
the western hemisphere cirrhosis of the liver, like 
beriberi and pellagra, is often associated with 
chronic alcoholism. Since “ alcoholic ” beriberi 
(7) and “ alcoholic ” pellagra (8) have been 
shown to be similar to the endemic beriberi and 
pellagra both in symptoms and response to ther- 
apy* it has been concluded that alcoholism merely 
predisposes to these nutritional deficiency diseases. 
It seemed possible that the correlation between 
alcoholism and cirrhosis of the liver might also be 
due to coexisting nutritional deficiency. 

Experimental evidence to support this hypothe- 
sis has accumulated in recent years. It has been 
known that starvation renders the liver more vul- 
nerable to injury by hepatotoxins (9). Lack of 
certain food factors contained in yeast are said to 
cause fatty changes in the liver (10) and impaired 
function (11). Recent studies by Gyorgy (12) 
and by Rich (13) and their cow'orkers reveal that 
cirrhotic changes may possibly be produced in the 
rat and rabbit by feeding a diet deficient in un- 
known factors contained in yeast. It has also been 
shown that the feeding of excess fat (14) or of 


excess cystine (15) results in fibrotic changes in 
the liver. Other studies indicate a protective ac- 
tion against hepatotoxins by the feeding of yeast 
(16, 17) or of high protein diets (18, 19, 20). It 
is possible that a balance of food factors may be 
essential to the integrity of a complex organ like 
the liver. 

In a preliminary report on the treatment of 13 
patients with alcoholic cirrhosis of the liver (21), 
it was noted that, in addition to signs of liver fail- 
ure, there was evidence of specific malnutrition, 
notably of the vitamin B complex. These patients 
were fed a nutritious diet together with vitamin 
supplements. The improvement that followed 
treatment appeared to be outside chance expecta- 
tions. However, since there is much variability in 
the degree of liver failure of different patients, and 
since these patients were observed for only one 
year, it seemed advisable to extend the program 
over a longer period of time. It was also impor- 
tant to compare their course with that of a similar 
group of hospitalized patients who had not re- 
ceived special dietary therapy. 

CASE MATERIAL 

The patients were obtained by transfer from 
municipal hospitals in New York City, and from 
the wards of private hospitals. Therefore, as an 
economic group they are composed of the under- 
privileged class. They may be considered “ un- 
selected ” in regard to the stage of their liver dis- 
ease. 1 Since they were hospitalized because of 
liver failure, they represent a more advanced de- 
gree of liver incompetence than patients who are 
ambulator}", or who are being treated in outpatient 
clinics. 


1 Excluded from this series are 2 patients who under- 
went splenectomy and omentopexy 7 and 6 years, re- 
spectively, before entering the Research Service. 
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The present paper reports observations on 54 
patients with cirrhosis of the liver who were 
treated by means of a highly nutritious diet to- 
gether with vitamin B concentrates. The basis for 
this treatment rests on several clinical and experi- 
mental observations. It is known that the inci- 
dence of cirrhosis of the liver is high in certain 
countries where nutritional deficiencies are en- 
demic (1, 2). Although malaria is blamed popu- 
larly for the high incidence of cirrhosis in these 
countries (3, 4), there is no direct evidence that 
malaria produces cirrhosis of the liver (5, 6). 
The association of cirrhosis and malaria suggests 
that the latter is a predisposing factor rather than 
a primary etiologic agent. The coincidence of 
enteric diseases with cirrhosis of the liver and with 
deficiency diseases may be explained similarly. In 
the western hemisphere cirrhosis of the liver, like 
beriberi and pellagra, is often associated with 
chronic alcoholism. Since a alcoholic ” beriberi 
(7) and " alcoholic ” pellagra (8) have been 
shown to be similar to the endemic beriberi and 
pellagra both in symptoms and response to ther- 
apy, it has been concluded that alcoholism merely 
predisposes to these nutritional deficiency diseases. 
It seemed possible that the correlation between 
alcoholism and cirrhosis of the liver might also be 
due to coexisting nutritional deficiency. 

Experimental evidence to support this hypothe- 
sis has accumulated in recent years. It has been 
known that starvation renders the liver more vul- 
nerable to injury by hepatotoxins (9). Lack of 
certain food factors contained in yeast are said to 
cause fatty changes in the liver (10) and impaired 
function (11). Recent studies by Gyorgy (12) 
and by Rich (13) and their co workers reveal that 
cirrhotic changes may possibly be produced in the 
rat and rabbit by feeding a diet deficient in un- 
known factors contained in yeast. It has also been 
shown that the feeding of excess fat (14) or of 


excess cystine (15) results in fibrotic changes in 
the liver. Other studies indicate a protective ac- 
tion against hepatotoxins by the feeding of yeast 
(16, 17) or of high protein diets (18, 19, 20). It 
is possible that a balance of food factors may be 
essential to the integrity of a complex organ like 
the liver. 

In a preliminary report on the treatment of 13 
patients with alcoholic cirrhosis of the liver (21), 
it was noted that, in addition to signs of liver fail- 
ure, there was evidence of specific malnutrition, 
notably of the vitamin B complex. These patients 
were fed a nutritious diet together with vitamin 
supplements. The improvement that followed 
treatment appeared to be outside chance expecta- 
tions. However, since there is much variability in 
the degree of liver failure of different patients, and 
since these patients were observed for only one 
year, it seemed advisable to extend the program 
over a longer period of time. It was also impor- 
tant to compare their course with that of a similar 
group of hospitalized patients who had not re- 
ceived special dietary therapy. 

CASE MATERIAL 

The patients were obtained by transfer from 
municipal hospitals in New York City, and from 
the wards of private hospitals. Therefore, as an 
economic group they are composed of the under- 
privileged class. They may be considered rf un- 
selected ” in regard to the stage of their liver dis- 
ease. 1 Since they were hospitalized because of 
liver failure, they represent a more advanced de- 
gree of liver incompetence than patients who are 
ambulatory, or who are being treated in outpatient 
clinics. 


1 Excluded from this series are 2 patients who under- 
went _ splenectomy and omentopexy 7 and 6 years, re- 
spectively, before entering the Research Service. 
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TABLE I 

Clinical data on patients with cirrhosis of the liver 


1 

Treated series (54 patients) 

Control series (386 patients) 

Group 1 

20 patients 
recovered 

Group 2 

12 patients 
improved 

Group 3 

22 patients 
failed 

Total number 

Total 
per cent 

Number 

Per cent 

Average age, years ! 

48 

51 

52 



50 


Sex, males . I 

10 

9 

16 

35 

65 

267 

69 

females . . . J 

10 

3 

6 

19 

35 

119 

31 

Antecedent factors 








Syphilis. j 

4 i 

5 

5 

14 

26 

62 

16 

Arsphenamine ! 

3 

3 

5 

11 

20 

34 

9 

Alcoholism 

18 i 

11 

18 

47 

87 

207 

54 

Malnutrition 

17 i 

9 

18 

44 

81 

67 

17 

Symptoms 

I 







Weight loss 

16 

9 

17 

42 

78 

206 

53 

Abdominal swelling. 

15 

12 

21 

48 

89 

301 

80 

Peripheral edema 

16 

9 

21 

46 

85 

236 

61 

Nausea and vomiting 

16 

6 

7 

29 

54 

129 

33 

Hematemesis. 

7 

2 

4 

13 

24 

106 

27 

Abdominal pain 

8 

4 

10 

22 

40 

121 

31 

Signs 








Ascites 

15 

12 

21 

48 

89 

301 

80 

Palpable liver ! 

20 

11 

13 

44 

81 

291 

75 

Palpable spleen 

15 

10 

13 

38 

70 

170 

44 

Jaundice ! 

14 

8 

12 

34 

63 

252 

65 

Edema 

15 

9 

22 

46 

85 

236 

61 

Hemorrhoids 

9 

6 

15 

30 

56 

105 

27 

Collateral veins ! 

11 

11 

19 

41 

76 

91 

23 

Vascular spider 

14 

10 

13 

37 

68 

58 

15 

Atrophy of tongue 

15 

7 

10 

32 

60 



Dermatitis 

12 

5 

17 

34 

63 



Polyneuritis 

12 

2 

7 

21 

40 

40 

13 

Bromsulfalein dye retention 

18 

12 

22 

52 

96 



Positive Takata-Ara test 

16 

12 

21 

49 

91 



Average serum albumin 

3.1 

! 2.8 

2.4 

average 2.7 




Average serum globulin 

3.7 

4.1 

3.9 

average 3.9 





The bromsulfalein dye test was done by the method of Rosenthal and White la), using 5 mgm. of dye per kilo body 
weight. The tabulated figures refer to the per cent of dye retained by the blood serum after 30 minutes. The Takata- 
Ara test was done by the method of Heath and King ( b ). The serum proteins were determined by the Howe method (c). 

(a) Rosenthal, S. M., and White, E. D., J. A. M. A., 1925, 54, 112. 

(b) Heath, C. W., and King, E. F., New England J. Med., 1934, 211, 1077. 

(c) Howe, P. E., J. Biol. Chem., 1921, 49, 109. 


Clinical data — comparison with a control series 

A tabulation of certain antecedent factors, symp- 
toms, and signs is made in Table I for the 54 pa- 
tients in this study. The patients are divided into 
three groups in order to show (1) those patients 
who made clinical recovery, (2) those patients 
whose disease was arrested or who showed partial 
improvement, (5) those patients who died of pro- 
gressive liver failure. In the right half of the 
table are listed similar data obtained from a con- 
trol group of hospitalized patients ill of cirrhosis 
of the liver. The control data are part of a sta- 
tistical study of 386 cases obtained from the rec- 


ords of five New York hospitals during the past 
20 years (22). 

Several differences are apparent between the two 
series. The incidence of syphilis was higher in the 
treated series (26 per cent) than in the control 
series ( 16 per cent) . Accordingly, a larger number 
of patients in the treated series was exposed to 
arsenicals. In both groups the diagnosis of syphi- 
lis was considered positive if there was a history 
of the treated disease, if there were clinical signs 
of syphilis or if repeated serological tests were 
positive. The possible etiologic significance of 
syphilis and of arsphenamine therapy in portal 
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cirrhosis has been discussed by others (23, 24, 25). 
Although 14 patients in the treated series had 
syphilis, none showed histological evidence of 
syphilitic involvement of the liver. 

In the treated scries of patients the higher inci- 
dences of alcoholism, malnutrition, and weight 
loss in the pre-hospital period probably are due to 
more complete histories. Evidence of malnutrition 
was striking. It may be seen in the table that 81 
per cent had eaten poor diets, and that 78 per cent 
had lost weight (allowing for ascites). Although 
careful dietary histories were taken, the data were 
not reliable enough to measure quantitatively. 
The most constant defects in the diets lay in the 
sparing use of meat and dairy products. Many 
patients gave histories of having subsisted entirely 
on alcoholic liquor for intervals of several days 
and of having refused all food during these sprees. 

The specific deficiency of the vitamin B com- 
plex is shown in the treated series by the high 
incidence of polyneuritis (40 per cent), of " pel- 
lagrous ” dermatitis (63 per cent) and of atrophy 
of the tongue papillae (60 per cent). 

The diagnosis of polyneuritis was based on signs of 
bilateral sensory changes (hypo- or hyperesthesia), loss 
of vibratory sensation, and loss of tendon reflexes in the 
lower extremities. Twenty-one patients showed these 
signs. In addition, 3 had the above changes without loss 
of tendon reflexes; 6 others showed the loss of vibratory 
sensation alone. The inclusion of these probable cases 
would increase the incidence of polyneuritis in the series 
from 40 to 57 per cent. 

The relative incidence and severity of polyneuritis 
were greater in the females than in the males. The 
association of polyneuritis with cirrhosis of the liver and 
this peculiar sex difference have been noted by Wayburn 
and Guerard (26) and others. The “ pellagrous ” derma- 
titis refers to the presence of dry, scaly skin which at 
times was generalized and at times was limited to the 
extremities. Although these changes were definite, they 
were not associated with the inflammatory edema, severe 
erythema, and diarrhea that characterize frank pellagra. 
Except for 4 or 5 instances with marked glossitis, the 
atrophy of the tongue papillae was painless and of 
moderate degree. 

In the control series of patients there are few recorded 
instances of vitamin deficiency, although 13 per cent 
showed signs of polyneuritis. It is probable that these 
deficiencies were overlooked, since they were not popu- 
larly known until recent years, and since the control 
data cover a span of 20 years. 

Data showing the symptoms and signs of liver 
failure reveal a dose agreement between the 


treated series and the control series of patients. 
It is assumed, therefore, that the severity of the 
underlying disease process is comparable in the 
two series of patients. 

In the treated series certain other signs have 
been observed that have not been emphasized gen- 
erally in the literature. Low-grade fever unre- 
lated to infection and lasting for weeks or months 
has been noted in one-half the patients. Mental 
changes unrelated to recent alcohol intake were 
seen in one-third of the patients. In most in- 
stances, these were characterized by confusion and 
euphoria. In others a torpor was seen that simu- 
lated late cholemia. Lateral nystagmus was seen 
in 10 patients of whom 9 were women. These 
nervous changes, like polyneuritis, may be the re- 
sult of coexisting nutritional deficiency (27, 28). 

Recurrent nosebleeds were noted in 25 (46 per 
cent) of the cases. Vascular " spiders” of the 
skin (30) were observed in 68 per cent of the 
cases. Macrocytic anemia, usually moderate in 
degree, was present in 40 per cent of the patients. 
Except in 2 patients with hypertensive heart dis- 
ease and 2 others who may have had beriberi 
heart, there was no evidence of heart failure in 
these patients. In 20 patients with ascites the 
venous pressure in the antecubital vein and the 
circulation time were within normal limits. 

Certain laboratory data from the treated series 
are likewise included in the table. In 96 per cent 
the blood serum showed abnormal retention of 
bromsulfalein dye; in 91 per cent, a positive 
Takata-Ara test The initial serum albumin value 
was low (below 4.0 grams per cent) in 96 per 
cent of the patients. The initial serum globulin 
value was high (above 3.0 grams per cent) in 83 
per cent of the patients. It is noteworthy that the 
average initial value for serum albumin is higher 
in those patients who made clinical improvement 
than in those who failed to improve. 

Program of therapy 

In Table II is outlined the dietary regimen em- 
ployed. The diet differs radically from that com- 
monly advocated in this country for the treatment 
of cirrhosis of the liver, which is high in carbo- 
hydrate but low in protein and fat. The present 
diet contains a moderate amount of protein and 
fat. In addition to the protein of the diet (114 
grams) the patients receive 50 grams of powd j- 
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TABLE II 

Standard diets for cirrhosis patients 


Semi-liquid diet 



Proteins 

Fats 

Car- 

bohy- 

drates 

7 a.m. 

Milk 

200 cc. 

6 

8 

10 

8 a.m. 

Cereal (Pablum) 

100 grams 

2 

1 

11 


Sugar 

12 grams 



12 


20% Cream 

30 cc. 

1 

6 

1 


Eggs 

2 

13 

10 


9 a.m. 

Orange juice 

200 cc. 



18 

10 a.m. 

Eggnog 






Milk 

150 cc. 

4.5 

6 

7.5 


Egg 

1 

6.5 

6 



Sugar 

10 grams 



10 


Brewer’s yeast 

25 grams 

12.5 

0.5 

8.5 

11 a.m. 

Cream soup 

200 cc. 

6 

14 

15 


Mashed potatoes 

100 grams 

2 

6 

15 


Butter 

10 grams 


8.5 



Pureed vegetables 

100 grams 



9 


Orange juice 

200 cc. 



18 

12 noon 

Cocomalt 

200 cc. 

6 

10 

20 

2 p.m. 

Eggnog 

200 cc. 

11 

11 

17.5 

3 p.m. 

Orange juice 

200 cc. 



18 

4 p.m. 

Cereal (Pablum) 

100 grams 

2 

1 

11 


Sugar 

12 grams 



12 


Cream 20% 

30 cc. 

1 

6 

1 


Jello 

100 grams 

1 


18 


Cream 20% 

30 cc. 

1 

6 

1 


Orange juice 

200 cc. 



18 

5 p.m. 

Cocomalt 

200 cc. 

6 

10 

20 

6 p.m. 

Eggnog 

200 cc. 

11 

11 

17.5 


Brewer’s yeast 

25 grams 

12.5 

0.5 

8.5 

7 p.m. 

Eggnog 

200 cc. 

11 

11 

17.5 

Grand total 

116 

131 

315 


Solid diet 


Breakfast 
Fruit 18% 

Cooked cereal or 
Prepared cereal 

Sugar on cereal 
Eggs 
Milk 
Toast 
Butter 
Coffee 

Cream 20% 

Sugar 

9 a.m. Brewer’s yeast 
Milk 
Sugar 
Dinner 

Meat, medium fat 
Vegetables 5% 
Vegetables 10% 
Vegetables 20% 

Bread 

Butter 

Dessert (Cake, pudding) 
Milk . 

Coffee 

Cream 20% 

Sugar 


2 p.m. Brewer’s yeast 

Milk 

Sugar 

3 p.m, orange juice 
Supper 

Soup (Julienne) 

Meat, medium fat 
Vegetables 5% salad 
Vegetables 20% 

Bread 

Butter 

Milk 

Fruit 18% 

Tea 

Cream 20% 

Sugar 

7 p.m. Milk 


200 grams 
30 grams 
12 grams 
2 only 
200 cc. 

60 grams 
20 grams 

30 cc. 

12 grams 
25 grams 
150 cc. 

12 grams 

100 grams 
100 grams 
100 grams 
100 grams 
30 grams 
20 grams 
1 serving 
200 cc. 

30 cc. 

12 grams 


25 grams 
150 cc. 

12 grams 
200 cc. 

200 cc. 

100 grams 
100 grams 
100 grams 
30 grams 
20 grams 
200 cc. 

100 grams 

30 cc. 

12 grams 
200 cc. 




Car- 

Protein 

s Fats 

bohy- 

drates 



18 

4 

2 

20 



12 

13 

10 


6 

8 

10 

4 

1 

30 


17 


1 

6 

1 



12 

12.5 

0.5 

8.5 

4.5 

6 

7,5 



12 

17 

20 


1 


4 

2 


9 

3 


19 

2 

17 

15 

5 

8 

25 

6 

8 

10 

1 

6 

1 



12 

12.5 

0.5 

8.5 

4.5 

6 

7.5 



12 



18 

4 


4 

17 

20 


1 


4 

3 


19 

2 

17 

15 

6 

8 

10 



18 

1 

6 

1 



12 

6 

8 

10 

139 

175 

365 


Grand total 


Calories 2903 


Calories 3591 


The semi-liquid diet was used only in the exceptional cases when patients either refused or were unable to take the 
solid diet. Brewer’s yeast was fed in a milknog, according to the method described by Spies, Chinn, and McLester (a). 
The yeast was stirred thoroughly in cold milk, and flavored with sugar, vanilla, and nutmeg. 

The writers are indebted to Miss Josephine Henneberger for the preparation of the diets. 

(a) Spies, T. D., Chinn, A*. B., and McLester, J. B., J. A. M. A., 1937, 108, 853. 


Brewer’s yeast 2 daily, of which the protein con- 
tent is about 50 per cent. There has been 
no evidence of intolerance to fat in the amounts 
riven. The stools do not contain excessive fat. 

o 

Salt intake is restricted in patients with ascites 
and edema to the extent of omitting a salt shaker 
from the tray, and fluids are allowed up to 2,000 
cc. daily. In the first group of 13 patients re- 
ported (21), vitamin B “ complex” was provided 
daily in the form of autolyzed yeast (Vegex) or 

= Harris Laboratories, Tuckahoe, N. Y.; Mead Johnson 
& Co., Evans%-ille, Indiana. 


of aqueous liver extract (Valentine). Brewer’s 
yeast was then substituted for these concentrates 
because it was found to be more palatable in large 
amounts. In addition to the yeast, the patients 
generally received intramuscular injections of con- 
centrated liver extract, 5 cc. twice weekly (Lilly 
or Lederle), and of thiamin chloride, 3 5 mgm. 
daily. In patients with severe neuritis, thiamin 
chloride was administered in doses of 10 to 20 

3 Thiamin chloride was generously supplied by Merck 
& Co., Rahway, N. J., and by the Winthrop Chemical 
Co., New York City. 
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nigni. daily. Concentrates of vitamins A and D 
were fed only to the first series of 13 patients 
( 21 ). 

Grouping of patients according to clinical course 

For the sake of convenience, the patients were 
placed in three groups, as described previously 
(Table I). The case histories of the patients are 
listed according to these three groups. Group 1 
includes those whose course was characterized by 
steady improvement with clinical recovery ; Group 
2 includes those who made partial clinical im- 
provement and also those cases who improved but 
who were followed too short a time to permit in- 
clusion in Group 1 ; Group 3 includes those who 
died after progressive liver failure. 

The typical patient with cirrhosis of the liver 
might be described as follows: Characteristically, 
he has been bedridden for weeks or months. He 
has lost much weight. At entry he is weak and 
tired, mentally dull and at times confused. Food 
is loathsome. He complains of thirst, of ab- 
dominal fullness and pain. There is often low- 
grade fever. The pulse rate is rapid. Breathing 
is shallow because of an elevated diaphragm. The 
urine output varies from 300 to 1,000 cc. daily. 
Abdominal hernia, hemorrhoids, nosebleeds, and 
polyneuritis may contribute to his disability. In 
those patients who fail to respond to treatment, 
the above symptoms and signs persist and be- 
come more severe. Ascites accumulates rapidly. 
Jauhdice may become intense, and generally, after 
1 to 3 months in the hospital, the patient dies in 
cholemia from intercurrent infection or from 
hemorrhage. 

The changes that indicate improvement are 
gradual and slow in appearing. The nursing care 
at this critical stage must be as meticulous and 
vigilant as that given the patient with typhoid 
fever. Subsidence of fever, recovery of appetite, 
return of mental clarity arid gain in strength 
gradually take place. With increase in the urinary 
output the ascites and edema disappear. This 
transition usually requires about 2 months. It has 
varied from 2 weeks to 10 months. 

Although jaundice usually is of low grade, it 
takes weeks or months for this to subside com- 
pletely. In most cases no appreciable change is 
noted in the size of liver or spleen. However, 


abdominal pain and tenderness always subside 
with the patient's clinical improvement. 

Six patients who had hematemeses in the past 
have had no recurrence for from 2 to 4 years. 
The cessation of nosebleeds has been observed in 
many patients ; the disappearance of vascular “ spi- 
ders " has been observed in 10 patients ; and the 
reappearance of menses after protracted amenor- 
rhea has been experienced by 4 women. 

Changes in the laboratory findings have accom- 
panied the clinical improvement. In 33 cases the 
value for serum albumin has increased signifi- 
cantly. The elevated serum globulin has fallen in 
23 cases. The Takata-Ara test has changed from 
positive to negative in 19 instances. A diminished 
retention of bromsulfalein dye has accompanied 
improvement in 18 instances. The degree of 
change in the d) r e test, however, has not been 
striking. Changes in the cephalin flocculation test 
have reflected improvement in a significant num- 
ber of cases . These findings will be reported else- 
where by Hanger (32). In almost all cases the 
blood counts and hemoglobin approached normal 
values. 

Recovery from polyneuritis in these patients is 
slow and usually incomplete. Functional improve- 
ment is striking in most instances, but the return 
of vibratory sensation may be partial, and the 
tendon reflexes may fail to return even after sev- 
eral years of intensive treatment with vitamin B 
concentrates. The pellagrous dermatitis and the 




* W A i — 

to therapy within a few weeks. 

Group 1. Patients whose course showed clini- 
cal recovery from symptoms and signs of cirrhosis. 
It may be seen in Table I that this group of 20 pa- 
tient with few exceptions showed plain evidence 
of liver decompensation before treatment was be- 
gun. Improvement was gauged by the following 
criteria: (I) gain in weight and strength, permit- 
ting the patient to resume fully his previous ac- 
tivities; (2) loss of ascites, edema, and jaundice 
without recurrence; (3) changes of serum pro- 
teins, Takata-Ara and bromsulfalein dye tests to- 
wards normal values. 

23 1 " are 5 Puente (Cases 22, 

’• *• 2 1 . 3 °^ Wh ° 0st ascites who were 
maintained in good health, but who died from 

— ^ that were n °t ascribable to liver 
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Group 2. Patients who made partial improve- 
ment. There are 12 patients whose course showed 
signs of partial improvement. Five of these cor- 
respond in the degree of improvement to that 
noted in Group 1. Because the follow-up after 
discharge from the hospital has been limited to 4, 
5, 6, 6, and 8 months, respectively, they are classed 
tentatively in Group 2. Three other patients have 
remained ascites-free for many months after hav- 
ing required abdominal taps in the past, but they 
are not in robust health. Although the serum 
albumin increased, it did not reach normal values 
in this group. Finally, there are 4 patients whose 
ascites disappeared and who were ambulatory but 
not vigorous. They subsequently died after being 
ascites-free for more than 2 years in each instance 
( cf Cases 26, 27, 28, 29). 

Group 3. Patients who died after progressive 
liver failure. The survival period of this group of 
22 patients varied from 2 days to 14 months after 
entry to the hospital. Only 4 of this group sur- 
vived more than 5 months after entry. It is note- 
worthy that 1 1 of the 22 deaths occurred within 1 
month of admission to the hospital. In many in- 
stances they were able to eat but a small portion of 
the prescribed diet. Histories of Cases 11, 19 and 
21 are included since they are unusual. Histories 
of Cases 8 and 13 are included as typical of the re- 
maining case histories in this group. 

Effect of administration of alcohol. Since the 
routine treatment of these patients involves not 
only dietetic care but also the denial of alcoholic 
liquors, it seemed pertinent to test the effect of the 
administration of alcohol on a selected group. 
These 4 patients (Cases 41, 51, 46, 44) previously 
had strong alcoholic backgrounds. On admission 
to the hospital they presented varied degrees of 
liver failure. After they had shown signs of clini- 
cal improvement they were fed alcohol in addition 
to the nutritious diet and vitamin B concentrates 
described. Nine ounces of 40 per cent alcohol 
were fed daily as a fruit juice tonic for 6, 6, 14 
and 18 months, respectively. There was no re- 
crudescence of their former symptoms or signs, 
such as jaundice or ascites. The bromsulfalein 
dye test, Takata-Ara test, and the serum proteins 
showed no adverse changes. A fifth patient (Case 
42), a barkeeper who has resumed his former 
trade, admits drinking six to eight glasses of beer 
daily in the past 1% years since discharge from 


the hospital. There has been no relapse in the 
clinical status of this patient who was severely de- 
compensated at entry. 

Causes of death. The causes of death in the 
fatal cases are listed in Table III. There are 14 

TABLE III 

Causes of death in 31 patients with cirrhosis of the liver 


Number Autopsies 


Cirrhosis of the liver* 14 8 

Cirrhosis of the liver and massive hematemesis 3 3 

Cirrhosis of the liver and intra -abdominal hemorrhage 3 2 

Cirrhosis of the liver and Pick's disease 1 1 

Cirrhosis of theliver and peritonitis (purulent) 1 1 

Cirrhosis of the liver and pericarditis (purulent) 1 1 

Cirrhosis of the liver and portal thrombosis 2 1 

Cirrhosis of the liver and neoplasm (?) 1 0 

Cirrhosis of the liver and embolus (?) 1 0 

Gunshot . * . % 1 1 

Primary carcinoma of liver and portal thrombosis .... 1 1 

Pyelonephritis — uremia 1 1 

Cerebral thrombosis 1 1 

Total 31 21 


* Terminal lobular pneumonia in 7 cases. 

cases in which cirrhosis of the liver was the ap- 
parent primary cause of death. In addition to 
these are listed 13 instances in which certain com- 
plications of cirrhosis precipitated death. Finally, 
there are listed 4 cases in which the cause of death 
was unrelated to cirrhosis of the liver, although 
histological evidence of cirrhosis was present as 
well. 

Statistical comparison of the present ( treated ) 
series and a control series with respect to 
the duration of life 

In order to estimate the effectiveness of ’the 
dietary regimen employed here, a comparison was 
made with the control series of 386 patients previ- 
ously mentioned. Ideally, in a study of prognosis, 
the length of life should be determined from the 
date of onset of the disease. In the case of cir- 
rhosis of the liver this is impossible because the 
early symptoms may be vague or entirely masked. 
Moreover, the patient, disabled by his disease, is 
unable to recall details of the beginning of his ill- 
ness, which may have preceded the mature process 
by years. For these reasons it is more appropriate 
to select an objective sign, like ascites, which per- 
mits fairly easy and accurate recognition by the 
patient. 

Since the patients at the Research Service were 
transferred from other hospitals, it is possible that 
the treated series fails to include certain patients 
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who would have died shortly after the onset of 
liver failure. In this way a bias would be intro- 
duced into the results. For example, in the con- 
trol series 50 patients died and 16 patients were 
dropped from observation within 1 month of the 
onset of ascites. No such loss occurred in the 
treated series. In comparing the survival of the 
two series of patients, allowance was made for this 
degree of selectivity by excluding those patients 
who died or were “ lost ” within the first month. 

We are indebted to Mr. Herbert H. Marks of 
the Metropolitan Life Insurance Company for the 
following analysis of the data: 

A survivorship table was prepared, both for the treated 
cases and the controls, classified by individual months 
from the second through the eighth month, and by broader 
time groups beyond, namely for the ninth to twelfth 
months combined and for the second year. The experi- 
ence past the second year is too small to be reliable. 
The experience for the first month was excluded from 
both series because the treated series consists very largely 
of cases referred from other hospitals and only a much 
smaller percentage were actually observed within a month 
of onset of ascites than in the control series. Elimina- 


tion of this first month after onset of ascites largely 
reduces a bias in favor of the treated group. 

The survivorship data are shown in detail in Table IV 
and the table has been so annotated that the method of 
computation can be followed. The last column of the 
table is presented graphically in Figure 1. Attention 
should be called to the fact that the method is approxi- 
mate only, but the nature of the material and the small 
size of the samples do not warrant more refined analysis. 

The greater longevity of the treated series is 
clear from the chart. Thus, the proportion sur- 
viving at the end of 6 months was 72 per cent of 
the treated series, compared with 57 per cent in 
the controls. At the end of the first year, 57 per 
cent of the treated group survived, but only 39 per 
cent of the controls. At the end of the seepnd 
year, these ratios were 45 per cent and 21 per cent, 
respectively. 

Mortality rates likewise were computed from 
Table IV. These are shown graphically in Figure 
2. It is evident that during the first and second 
years after the onset of ascites the mortality rates 
were definitely lower in the treated series than in 
the controls. 


TABLE IV 

Survival of patients with cirrhosis of the liver from onset of ascites 
(Comparison of cases treated at Research Service from August 1936 to November 1940, with a control 
group from several hospitals, from 1920 to 1940.) 

TREATED SERIES 


Period* 

Number observed 
at beginning 
of period 

A 

Died 

during the 
period 

B 

Dropped from 
observation 
during the period 

C 

Proportion dying 
during the period 
of those observed 
at beginning of 
period (tf) 

D -BlA 

Proportion living 
at end of period 
of those observed 
at beginning of 
period (p =1 —q) 

E ~1 —D 

Proportion 
surviving at end 
of period of 
original 
cohort (I) 

F 

2nd month 

47 

1 


0.021 


0.979 

3rd month... . 

46 

2 


0.043 

0.957 

0.937 

4th month... . 

44 

3 


0.068 

0.932 

0.873 

5th month.. . 

41 

3 


0.073 

0.927 

! 0.809 

6th month ... . 

38 

4 

1 


0.895 

1 0.724 

7th month. . . 

33 

2 



0.939 

0.680 

8th month.. . 

31 

1 

1 

■ 

0.968 

0.658 

9th-12th months. . 

29 

4 

1 


0.862 

0.567 

2nd year . 

24 

5 

6 

0.208 

0.792 

0.449 


CONTROL SERIES 


2nd month .... 

230 

41 

15 

0.178 

0.822 

0.822 

3rd month... 

174 

21 

12 

0.121 


0.723 

4th month... 

141 

8 

8 

0.057 



5th month... 

125 

10 

4 



0.627 

6th month. 

111 

10 

7 

0.090 

0.910 

0.571 

7th month... 

94 

9 

2 

0.096 

0.904 

0.516 

°th month... 

83 

6 

2 


0.928 

0.479 

9th-l2th months. 

75 

14 

15 

0.187 

0.813 

0.389 

2nd year 

46 

21 

4 

0.457 

0.543 

0.213 


* First month after onset of ascites excluded. 
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It may be repeated that both the control and 
treated series are derived from the same social- 
economic levels ; that the average ages of the two 
groups are the same; that the same criteria for 
diagnosis were applied to both series of patients; 
that the degree of liver failure as judged by symp- 
toms and signs in Table I corresponds closely in 
the two series. However, in statistical compari- 
sons of this kind there are uncontrolled factors 
which tend to favor one or the other group. For 
example, the control series of cases was taken 
from records over a 20-year period. It is possible 


that the character of the disease has changed in 
recent years. The period of hospitalization is 
longer in the treated than in the control series. 
Despite these sources for error, the differences be- 
tween the control and treated series appear to be 
significant. 

Prognosis after entry to the hospital. There is 
one further serious source of error inherent in the 
statistical methods employed above. The accuracy 
of the data depends on the accuracy of the patient’s 
definition as to when ascites formation began. 
Therefore, it seemed advisable to compare the two 



Fig. 1. Survival of Life After the Onset of Ascites in Patients with Cirrhosis 

of the Liver 

The proportion surviving at the end of each period (Table IV, column F) is multiplied 
by 100 to convert to the per cent of cases surviving. Computations beyond the second 
year are not used because the number of cases beyond that point in the treated series is 
too small. 
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MORTALITY RATES IN CIRRHOSIS OF LIVER 




Fig. 2. Dkath Rates ( q r ) Per Annum in Cirrhosis of the Liver During the First 
and Second Years After the Onset of Ascites 
Comparison of control series and treated series. 


series of patients from dates of first actual ob- 
servation, when they were under medical super- 
vision. Figure 3 illustrates the duration of ascites 
before and after entry to the hospital in the series 
of 47 treated patients. It is evident that about 
one-half of these patients lost ascites after treat- 
ment in the hospital. Several patients, whose 
ascites had disappeared for considerable periods 
of time and who had made clinical recovery from 
cirrhosis, died from intercurrent illness or ac- 
cident. 

Figure 4 illustrates the duration of ascites be- 
fore and after entry to the New York Hospital 4 
of 102 unselected patients with cirrhosis of the 
liver and ascites. (These form part of the con- 
trol series of 386 cases.) In contrast to the 
treated series, there are less instances of remission 
from ascites in the control group. In 3 of the 7 

4 We are indebted to Dr. Eugene Dubois for permission 
to study these case records. 


instances* in which ascites disappeared, the pa- 
tients had received vitamin B concentrates. Like- 
wise, the period of survival after entry to the 
hospital appears to be significantly less in the con- 
trol group than in the treated series of 47 patients. 

DISCUSSION 

Comparison of mortality data in medical literature 

There are few data available in the medical 
literature which provide a norm for comparison 
u ith the present series of cases. In earlier reports 
cited by’ - Patterson (33) and by Chapman, Snell, 
and Rowntree (34), the average life expectancy 
after the onset of ascites varied from 1 to 6 
months. In a series of 38 cases Rolleston and 
McNee (35) reported an average life expectancy 
of 3 to 4 months after the onset of ascites; 
whereas Henrikson (36) reported an average 
duration o f 12.8 months in a series of 42 patients 

* Spontaneous loss of ascites occurred in 7 per cent of 
386 cases. 
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47 PATIENTS WITH CIRRHOSIS OF THE LIVER AND ASCITES 

TREATED SERIES 



MONTHS BEFORE ENTRY MONTHS AFTER ENTRY 

Fig. 3. Clinical Course of 47 Patients With Cirrhosis of the Liver and Ascites (Treated Series) 
The central black line denotes the date of entry to the hospital. Time preceding entry is represented by 
columns to the left of this line, whereas time after entry is represented by columns to the right of the line. 
Shaded areas indicate the presence of ascites. The closed columns indicate a fatal issue. The open columns 
indicate that the patient was alive at the time of this analysis. 

receiving no specific therapy. In his analysis of Other forms of treatment 

372 cases Eppinger (37) gave no data on prog- The treatment of cirrhosis of the liver by other 
nosis, but he stated that once abdominal para- medical measures and by certain surgical pro- 

centesis was performed, a fatal outcome was im- cedures has been advocated. Chapman, Snell, and 

minent. In contrast to this rather gloomy picture Rowntree (34) reported on the use of saline and 

are numerous ease reports (33, 34, 38, 39) of mercurial diuretics in 84 of 112 carefully selected 

spontaneous recoveries, in which patients lived patients with decompensated portal cirrhosis, all 

years after the disappearance of ascites. Al- of whom had ascites. The average duration of life 

though these are of interest, they are of limited after ascites appeared was 16 months. Twenty- 

value from a statistical point of view. Moreover, five of these patients survived an average of 32 

it is doubtful that recovery from a disease process months after the onset of ascites. Jones and 

occurs “ spontaneously.” Doubtless a cause exists Eaton (40) have reported on the favorable effect 

for this change. of glucose infusions and a high carbohydrate diet 

Because of the wide differences in the medical in 50 patients with disease of the liver. The ma- 

literature concerning the natural history of the dis- jority of their patients represented acute or sub- 
case. our treated series was compared only with acute hepatitis, in which jaundice was the proim- 

our own control series. nent feature. In 10 instances ascites was present. 
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Because of differences in the selection of cases 
and in the types of cases studied, it is not possible 
to compare the relative merits of the various 
therapeutic measures with the present dietary 
regimen. Henrikson (36) has pointed out similar 
difficulties in evaluating surgical procedures that 
have been recommended for treatment of this dis- 
ease. It is self-evident that the usefulness of one 
type of treatment does not exclude the merits of 
the others. 

The use of liver preparations in the treatment 
of cirrhosis of the liver has been reported in the 
French medical literature (41, 42, 43) on the basis 
of substitutive organotherapy, “ opotherapie.” 
The data in these reports are incomplete and they 
are therefore difficult to evaluate. It is the im- 
pression of Rolleston and McNee (35) that a diet 
rich in milk and eggs is beneficial, although no 
data to substantiate this opinion are at hand. 

In a report on alcoholic polyneuritis. Goodhart 
and Jolliffe (44) stated that 2 of 6 patients with 
cirrhosis of the liver lost ascites following the ad- 
ministration of vitamin B concentrates. Wayburn 
and Guerard (26) report a similar experience in 1 
patient. A dietary program similar to that de- 
scribed in the present paper has been used at the 
Mayo Clinic during the past 2 years. Snell (45) 
reports that about one-third of a series of 50 pa- 
tients with cirrhosis of the liver has shown con- 
siderable improvement. 

Interpretation of data 

The present treatment is based on the hypothesis 
that there is a significant relation between nutri- 
tional deficiency and the development of cirrhosis 
of the liver. However, there are two objections 
to this hypothesis. First, although signs of nu- 
tritional deficiency are often present in patients 
with cirrhosis of the liver, the incidence of cirrho- 
sis in patients with deficiency diseases is not neces- 
sarily high. It is possible that, in fatal beriberi, 
pellagra, and sprue, patients die before cirrhosis 
of the liver can develop. Not infrequently the 
livers of such patients at autopsy show degenera- 
tive changes (48. 49). The observation that liver 
damage may occur in these diseases is supported 
by our experience with 24 patients admitted to the 
hospital primarily for nutritional deficiency. Of 
these. 22 were alcoholics with polyneuritis ; 3 also 
had pellagra and 2 had sprue. Twenty of the 24 


patients showed evidence of liver injury by phys- 
ical signs or laboratory tests. In 10 of 15 patients 
treated with the dietary regimen previously de- 
scribed there followed partial or complete disap- 
pearance of these signs of liver dysfunction. 
Second, the signs of nutritional deficienc}^ may be 
the result of interference with nutrition by the 
diseased liver. There is little doubt that this oc- 
curs. Studies on the metabolism of vitamin A 
(50) and vitamin IC (51), for example, indicate 
that cirrhosis of the liver may interfere with the 
utilization of these vitamins. However, in many 
instances our patients gave histories of deficiency 
disease long antedating the symptoms or signs of 
cirrhosis. From these observations it seems likely 
that nutritional deficiency precedes the develop- 
ment of cirrhosis, and that the cirrhotic process, 
once established, tends to perpetuate or e\ ? en ag- 
gravate the state of nutritional deficiency. 

There are several further questions that present 
themselves in the interpretation of data submitted 
in this report: ( 1 ) Are the criteria for clinical im- 
provement in cirrhosis of the liver adequate? (2) 
Granted that improvement takes place in certain 
patients, does this result from hospitalization with 
the removal of the patient from his former en- 
vironment, or does it result from specific therapy? 
(3) If clinical improvement takes place, is there 
corresponding change in the liver structure? ( 4 ) 
What is the mechanism of “ recovery ” ? 

The evidence for clinical improvement in pa- 
tients with cirrhosis of the liver is inadequate, 
since there are few signs or tests which may be 
used quantitatively for this purpose. It is diffi- 
cult to separate signs of general bodily improve- 
ment from those that pertain to the function of 
the liver alone. Although certain tests are useful 
for the diagnosis of acute hepatitis, such as the 
galactose-tolerance and hippuric acid tests and the 
level of serum cholesterol, these have been of little 
help, in our experience, in gauging the presence or 
degree of liver cirrhosis. On the other hand, 
changes in the value for serum albumin corre- 
spond in most instances with changes in the clini- 
cal condition of the patient (31). The cephalin 
flocculation reaction likewise lias reflected corre- 
sponding clinical changes. The bromsulfalein and 
Takata-Ara tests are useful as qualitative rather 
than quantitative measures. 

In this report stress is laid on the disappearance 
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of ascites as a sign of improvement. It is realized 
that the disappearance of a sign of liver failure 
does not necessarily indicate a remission in the 
underlying disease process. However, the statisti- 
cal evidence for decreased mortality rate, and the 
clinical evidence for bodily improvement in these 
patients, support the impression that the disease 
process has been modified. Admittedly, the criteria 
for improvement are inadequate, but to the clini- 
cian and to the patient the improvement is no less 
real. 

There is little doubt that hospitalization and the 
removal of the patient from his former environ- 
ment are beneficial. However, a control group of 
386 patients who received hospital care does not 
show a comparable trend toward improvement. 
The two groups are not strictly comparable since 
the larger series had less prolonged hospital care. 
It is perhaps more significant that 4 patients with 
cirrhosis of the liver, who previously had an alco- 
holic background and who had shown signs of 
liver failure, were given 9 ounces of 40 per cent 
alcohol daily for from 6 to 18 months with no 
untoward effects. It may be argued justly that 
the amounts of alcohol administered were rela- 
tively small, according to the patients’ habitual in- 
take. Of necessity, this point could not be tested 
fully. 

There is little, if any, evidence from the present 
data of correlation between clinical and histologi- 
cal changes in the liver. In the patients who died, 
presumably of liver failure, the histological pic- 
ture of the liver showed wide differences. Within 
broad limits, it was impossible to tell the degree of 
liver competence by the histological picture. Simi- 
lar difficulties with biopsy material are reported by 
Cates (46). In 2 patients who showed partial 
improvement for over 2 years, and who then died 
(Cases 28 and 29), there was marked necrosis of 
liver cells and periportal fibrosis similar in degree 
to the cirrhosis of patients who died after a rapid 
failure of several weeks. In 3 patients (Cases 23, 
4, and 25) who had signs of liver failure with 
ascites on entry, and who made more or less com- 
plete clinical recovery but later died of non-hepatic 
csions, the degree of cirrhosis at autopsy ap- 
peared to be minimal. Since biopsies were not 
one at entry, one can only speculate on anatomical 
c anges that may have occurred. If anatomical 
changes were found, the evidence would be sug- 


gestive. The absence of anatomical change would 
not imply necessarily a lack of functional change. 

It is realized that cirrhosis of the liver often is 
discovered at autopsy in persons dying from other 
causes. In these cases cirrhosis may have been 
latent for many years. In a series of 245 autopsies 
that showed cirrhosis of the liver, McCartney 
(47) found that 35 per cent had no previous clini- 
cal manifestations of the disease. The present 
series obviously does not include latent cases, but 
treats only of those who showed evidence of fail- 
ure of the liver during life. 

The present data give no indication as to 
whether vitamin B concentrates, protein, or some 
unknown substances are specifically effective in 
the treatment of cirrhosis. It is possible that, by 
maintaining patients in optimal nutrition and rest, 
the liver recovers “ spontaneously In other 
words, the present regimen may allow the patient 
to survive long enough for natural reparative proc- 
esses to take effect. It is also possible that the 
present regimen provides a specific agent for re- 
covery of the diseased liver. The fact that only a 
limited number of patients survive despite therapy 
does not rule out the latter possibility. When the 
diagnosis of cirrhosis of the liver can be made in 
the incipient stages, the mortality rate should be- 
come much reduced for, unlike most other vital 
organs of the body, the liver has the capacity to 
regenerate. In this capacity lies the hope for an 
effective therapy. 

SUMMARY 

In summary, the present studies indicate that 
the treatment of cirrhosis of the liver by a highly 
nutritious diet supplemented with vitamin B con- 
centrates is of therapeutic value. This is inferred 
from a comparison of 54 patients so treated with 
a control series of 386 patients with cirrhosis of 
the liver. Following the onset of ascites, 72 per 
cent of the treated series, as compared with 57 per 
cent of the controls, survived 6 months. At the 
end of the first year, 57 per cent of the treated 
series survived, but only 39 per cent of the con- 
trols. At the end of the second year, 45 per cent 
of the treated series, as compared to 21 per cent of 
the controls, were still alive. 

In addition to an increased period of survival, 
there are signs of general bodily improvement and 
presumptive evidence of arrest of the disease 
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process. In a significant number of patients there 
has been disappearance of ascites, edema, jaundice, 
and of vascular u spiders Certain laboratory 
data, such as the level of the serum albumin and 
of the serum globulin, the Takata- Ar a test, cepha- 
lin flocculation test, and bromsulfalein dye test, 
have reflected corresponding improvement. 

From the above evidence it seems clear that cir- 
rhosis of the liver is not necessarily committed to 
a continuous, progressive course. 

Since the treatment of the 54 patients involved 
a number of factors, the improvement may not be 
attributed to a specific agent. 

The coexistence in these patients of nutritional 
deficiency and cirrhosis of the liver is ‘Striking. 
However, the relation of nutritional deficiency to 
cirrhosis is not clear. Certain experimental stud- 
ies as well as the present clinical observations sug- 
gest that nutritional deficiency predisposes to the 
development of cirrhosis of the liver, and that cir- 
rhosis of the liver, once established, tends to per- 
petuate the state of nutritional deficiency. 

The etiologic relationship, if it exists, between 
nutritional deficiency and cirrhosis of the liver 
could be either direct or indirect It is possible 
that the lack of certain food factors leads directly 
to the development of cirrhosis. It is also pos- 
sible that the malnourished liver becomes vulner- 
able to toxins which ordinarily would be disposed 
of. 

CONCLUSIONS 

1. Evidence is presented which suggests that 
there is a significant relationship between the oc- 
currence of nutritional deficiency and cirrhosis of 
the liver. 

2. Fifty-four patients with cirrhosis of the liver 
were treated with a highly nutritious diet supple- 
mented by vitamin B concentrates. The clinical 
course of the patients appeared to be more favor- 
able than that of a control series of 386 hospital- 
ized patients with cirrhosis of the liver. 

CASE HISTORIES 5 
Group 1 

Case 31. A 29-year-old Italian machinist entered the 
hospital on February 14, 1939, because of abdominal 

& When it is not specifically stated, the dietary regimen 
•was begun after entry of the patient to the Research 
Service. 


swelling. Seven years previously pallor, weakness, and 
tarry stools had been observed. Three years previously 
Jaundice had been present for several weeks. One month 
before admission there was sudden mid-abdominal pain, 
nausea, and vomiting for 1 day, followed abruptly by 
onset of ascites and jaundice. There was no response to 
diuretics. After one abdominal tap, ascites recurred. 
Exploratory operation was performed 2 weeks later. 
Liver and spleen were enlarged. Biopsy showed portal 
cirrhosis. One abdominal tap was performed after op- 
eration. Chief findings were: ascites, edema, palpable 
liver and spleen, vascular “spiders” ; RBC 4.4, Hgb. 
71%, WBC 3,500, serum albumin 3.3, serum globulin 3.2, 
bromsulfalein 25 to 30%, icteric index 6. 

Dietary therapy was begun after operation. There was 
steady gain in weight and strength; ascites and edema 
disappeared in 1 month; serum albumin rose to 4.3; 
bromsulfalein remained 30%. The patient left against 
advice on June 29, 1939, 4% months after entry. He 
moved from the city and there was no follow up. 

Case 24. A 52-year-old colored waiter entered the 
hospital on April 28, 1937, because of abdominal swell- 
ing. He was a chronic alcoholic. A large liver had 
been noted I % years previously and 1 year before ad- 
mission onset of ascites had occurred. He received eight 
abdominal taps at about monthly intervals preceding 
entry. Edema of legs was present for 2 weeks. There 
was no jaundice. His usual weight was 180. Chief 
findings were: ascites, edema, palpable liver and spleen; 
RBC 4.5, Hgb. 87%, WBC 9,400, serum albumin 3.2, 
serum globulin 3.8, Takata +, bromsulfalein 40%, icteric 
index 5. No neurological changes. 

After entry, abdominal tap was done with removal of 
11,000 cc. of fluid. Dietary therapy was then begun. 
Massive diuresis occurred during succeeding 2 weeks. 
Weight fell from 191 to 149 lbs. in 1 month and returned 
to 165 lbs. in the following 2 months without recurrence 
of ascites or edema. The patient left the hospital against 
advice on September 24, 1937, 5 months after entry. At 
this time serum albumin was 4.7, globulin 3.7, Takata 


negative, bromsulfalein 16%. He was seen at home on 
December 10, 1937, when he felt well. Liver was pal- 
pable but spleen was not felt. There was no ascites. 
He admitted drinking whiskey. Serum albumin at this 
time was 4.9, globulin 3.3; bromsulfalein 40%. He died 
from a gun shot wound on March 2, 1938. Gross changes 
at medico-legal autopsy showed thickened capsule of 
liver and spleen. No further description was available. 

Case 37. A 36-year-old American-born stenographer 
entered the hospital on July 3, 1939, because of abdominal 
swelling. She had had typhoid at 10 years; was^ a 
chronic alcoholic. Her diet was poor in meat and dairy 


:oods. She had had paresthesias in legs for 5 years, 
morexia and severe pains in legs for 2 years. One and 
>ne-half years previously she had stopped work and had 
mtered the hospital for 3 weeks. Diagnosis was * portal 
drrhosis and alcoholic neuritis Four months previously 
mset of ascites and edema had occurred. Jaundice, 
lausea and vomiting had been present for 3 months. 
5he re-entered the hospital for 1 month before transfer 
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to Research Service. Two abdominal taps were per- 
formed. Her best weight was 137; her weight on ad- 
mission was 119. Chief findings were: jaundice, ascites, 
edema, palpable liver and spleen, collateral vessels, vas- 
cular “spiders”, dementia, polyneuritis, glossitis, scaly 
dry skin and hemorrhoids; RBC 2.7, Hgb. 51%, WBC 
11,000, scrum albumin 2.4, globulin 3.5, Takata +, icteric 
index 35, bromsulfalein 64%. 

The patient received four abdominal taps in 2 months. 
Thereafter, she showed steady improvement, gained in 
strength and became mentally lucid. A mild fever sub- 
sided after 3 months. There was a gain of weight from 
119 to 137 in 9 months without recurrence of ascites. 
Liver and spleen were smaller but palpable. The “ spid- 
ers” disappeared. Icteric index was between 5 and 9. 
She was discharged from the hospital on April 2, 1940 
and resumed an active, normal life. On October 23, 
1940 (1^ years after entry) RBC 4.0, Hgb. 96%, WBC 
7,500, scrum albumin 4.7, globulin 2.9, Takata negative, 
bromsulfalein 32%, icteric index 5. She felt entirely 
well. 

Case 22. A 36-year-old Irish American factory worker 
entered the hospital on August 7, 1937, because of vomit- 
ing blood. She had a history of alcoholism, “ chronic 
indigestion”, inadequate diet. Episodes of nausea and 
vomiting had occurred 2 to 3 times yearly during the 
previous 7 years. Blood-containing vomitus had been 
noted on several occasions. She had first entered the 
hospital June 1937 because of hematemesis and ascites. 
After two transfusions and one abdominal tap the pa- 
tient left the hospital ; 12 hours later, after another hema- 
temesis, she entered the Research Service. Chief find- 
ings were: air hunger, pallor, jaundice, ascites, edema, 
vascular “ spiders ”, glossitis, palpable liver and spleen, 
absent ankle jerks; temperature 102° F., pulse 130, blood 
pressure 90/50; RBC 1.78, Hgb. 31%, WBC 13,000, 
serum albumin 1.8, serum globulin 3.5, Takata +, icteric 
index 20, bromsulfalein 40%, cholesterol 265. 

The patient was given a glucose infusion followed by 
transfusion immediately after entry. Temperature ranged 
from 102° to 104° F. for 3 days. For 6 weeks tempera- 
ture was 100° F. and thereafter was normal. There was 
steady improvement for 5 months characterized by gain 
in strength, disappearance of jaundice, ascites, and edema. 
On December 3, 1937, laboratory data were: RBC 3.78, 
Hgb. 79%, WBC 7,700, albumin 4.0, globulin 3.7, icteric 
index 10, bromsulfalein 35%, Takata +. The patient 
felt well, left against advice, and resumed drinking 
habits. She returned 5 days later in an alcoholic stupor. 
Shortly after entry she had a massive hematemesis and 
died. Autopsy showed intestines full of blood. Liver 
weighed 2,000 grams and was finely nodular. Spleen 
weighed 340 grams. Histologic section showed portal 
cirrhosis. 

Case 38. A 56-year-old Irish American housewife 
entered the hospital on March 8, 1939, because of vomit- 
ing blood. She had a history of alcoholism and poor 
diet; epilepsy for 35 years. Anorexia and periodic up- 
per abdominal pain had been present for 1 year. Four 
months previously she had had hematemesis; 3 months 


previously edema of ankles; 3 weeks previously onset of 
jaundice; 2 weeks previously hematemesis and onset of 
ascites. Chief findings were: semi-stupor, fever (laryn- 
gitis), jaundice, ascites, edema, palpable liver and spleen, 
vascular “spiders”, collateral vessels, glossitis, polyneu- 
ritis, hemorrhoids, incontinence of urine and feces; RBC 
2.3, Hgb. 45%, WBC 2,280, serum albumin 2.1, serum 
globulin 3.9, Takata +, icteric index 35, bromsulfalein 
100 %. 

Abdominal taps were performed eight times in first 3 
months. In the following 3 months diuresis was fol- 
lowed by disappearance of ascites and edema. Her 
weight fell from 163 to 140 lbs. with diuresis. She 
became mentally clear and gained in strength. Jaundice 
cleared and vascular “ spiders ” disappeared. Six months 
after entry she was ambulatory and strong. She left 
hospital against advice on September 11, 1939, and was 
seen in O.P.D. 2 months later. Liver and spleen were 
palpable. No ascites, edema, or jaundice was present. 
Laboratory data were: RBC 4.0, Hgb. 75%, WBC 9,400, 
serum albumin 4.0, globulin 3.5, Takata +, bromsulfalein 
53%, icteric index 7. On September 17, 1940, she re- 
turned to the clinic (1^ years after entry to hospital). 
Except for anemia (hemorrhoidal bleeding), there was 
no clinical change. Laboratory data were as follows: 
RBC 2.5, Hgb. 52%, serum albumin 3,7, globulin 3.4, 
bromsulfalein 26%, icteric index 5. She felt well. 

Case 23. A 48-year-old Irish housewife entered the 
hospital April 2, 1937, because of vomiting and ab- 
dominal fullness. There was a past history of alcoholism, 
of 15 pregnancies (9 miscarriages) and of a diet very 
poor in meat and dairy products. Vomiting attacks 
had been occurring 1 to 2 hours after meals for 1 
year. Her weight loss had been 40 lbs. in 1 year. She 
had had abdominal distention for 4 months; ascites for 
2 weeks ; increasing weakness, dyspnea with exertion. 
Her best weight had been 150; her recent weight was 
92. Chief findings were : pallor, emaciation, mental 
torpor, nystagmus, glossitis, dry scaly skin, palpable 
liver and spleen, edema, absent knee and ankle jerks; 
RBC 1.2, Hgb. 34%, M.C.V. 154, WBC 3,000, albumin 
2.2, globulin 3.5, Takata +, bromsulfalein 40%, gastric 
analysis 0 free HQ, Wassermann +, urine albumin 
trace, many WBC, NPN 55. 


The anemia did not respond to liver therapy. During 
the first month she had daily vomiting and one hemate- 
mesis; the ascites increased. On May 10, 1937, she had 
transfusion with 500 cc. blood. Improvement followed 


with a gam in weight and strength. Vomiting ceased; 
diuresis with loss of ascites occurred after 6 weeks; the 
liver edge receded. She became mentally clear and felt 
well. She was discharged against advice on October 6, 
1937, 6 months after entry. At this time laboratory data 
were: RBC 2.86, Hgb. 58%, WBC 5,000, serum albumin 
3.7, globulin 3.0, -Takata negative, icteric index 4, brom- 
sulfalein 10%. Urine showed albumin and many WBC 
NP N 74 (at entry 55). She was readmitted 4 months’ 

m a ^ U \ ry , 5 ’ 1938) because of vomitin S and nose 
bleeds. Chief findings were: pallor, stupor, palpable 

liver and spleen, blood pressure 170/120, pericardial rub; 
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P.S.P. test 1% in 2 hours, NPN 400, urine as before, 
no ascites, no jaundice. The patient died in uremia after 
1 week. Autopsy showed pyelonephritis; cirrhosis of 
the liver (slight fibrosis). 

Case 41. A 55-year-old American salesman entered 
the hospital on December 28, 1937, because of abdominal 
swelling. He had a history of alcoholism. His diet had 
been poor in meat and dairy products. He had periodic 
nausea and diarrhea. Twelve years previously he had 
been hospitalized for 3 months because of hypertensive 
heart disease. Two years before admission he had been 
hospitalized for 2 months because of jaundice and edema; 
there had been a question of ascites. At that time the 
blood pressure was 180/100; liver was palpable; urine 
showed RBC, WBC, albumin, granular casts. On ad- 
mission chief findings were: palpable liver and spleen, 
ascites, edema, vascular “ spiders ”, glossitis, neuritis ; 
RBC 4.4, Hgb. 98%, WBC 7,000, Takata serum al- 
bumin 2.7, serum globulin 4.7, icteric index 5, bromsulfa- 
lein 40%, venous pressure 90, circulation time 12 seconds 
(decholin). Urine showed RBC, WBC, albumin and 
occasional casts; PSP test 80%, concentration up to 
1020. 

One abdominal tap was performed. Diuresis with loss 
of ascites occurred in 1 month. His weight fell from 
268 to 212 lbs. There was no recurrence of ascites, 
edema, or jaundice. Liver remained palpable. There was 
steady gain in strength. Blood pressure was variable be- 
tween 140/90 and 190/100. During the last 6 months of 
his hospital stay he received 9 ounces of 40% alcohol 
daily with no untoward effects. He was discharged on 
June 5, 1939, 1% years after entry. At this time lab- 
oratory data were: RBC 5.3, Hgb. 105%, WBC 6,500, 
albumin 3.7, globulin 3.3, bromsulfalein 28%, icteric in- 
dex 2, Takata negative. In O.P.D. on March 5, 1940, 
blood counts and urinary sediment were the same as 
before; serum albumin 4.4, globulin 2.8. The patient 
was active as salesman. On September 7, 1940 (3% 
years after entry), findings were essentially unchanged; 
he felt well. 

Case 25. A 46-year-old American seaman entered the 
hospital on November 16, 1937, because of vomiting. 
There was a history of typhoid 40 years before, of 
alcoholism for 25 years, and of a diet poor in meat and 
vegetables. Seventeen years previously a chancre had 
been treated with one course each of arsphenamine and 
tryparsamide. Nausea, vomiting, and abdominal distress 
had been present 10 years. Signs of tabes dorsalis were 
recognized for 7 years. Periodic edema of ankles had 
occurred for 4 years; severe nausea and vomiting for 2 
weeks, followed by onset of jaundice, ascites, and edema. 
His best weight had been 149; his weight on admission 
was 117. Chief findings were: emaciation, jaundice, ir- 
regular fixed pupils, palpable liver and spleen, ascites, 
edema, tremor, absent knee jerks and ankle jerks, Rom- 
berg +, hemorrhoids, blood pressure 120/78; RBC 4.4, 
Hgb. 95%, WBC 5,800, Takata +, serum albumin 3.0, 
globulin 3,6, icteric index 15, bromsulfalein 45%, blood 
Wassermann +, spinal fluid negative. 

Ascites formation increased 3 weeks after entry with 


a gain in weight from 124 to 156 lbs. Dietary therapy 
and four injections of mercupurin were given. After 3 
weeks diuresis with loss of ascites and edema occurred. 
There was no recurrence during next 1% years. He 
gained in weight and strength. He had occasional “gas- 
tric crises 11 and “ shooting pains ” and a sudden hemi- 
plegia on April 12, 1939. Blood pressure was 160/110; 
spinal fluid was bloody. He had a terminal broncho- 
pneumonia and died May 4, 1939, 16 months after entry. 
Laboratory data on January 15, 1939 (14 months after 
entry) were: RBC 4.4, Hgb. 85%, WBC 9,400, serum 
albumin 4.8, globulin 2.1, Takata negative, bromsulfalein 
8%, icteric index 4. With terminal illness, 3 months 
later, there was a rise in icteric index to 14 and in 
bromsulfalein to 44%. Autopsy showed tabes dorsalis, 
bronchopneumonia, cirrhosis of liver (minimal fibrosis). 
Autopsy on head was not granted. 

Case 30 . A 63-year-old French chef entered the hos- 
pital May 9, 1938, because of dyspnea and recurrent as- 
cites. Past history was irrelevant. Right upper quadrant 
pain, headaches and dyspnea had been present for 4 
years. Increasing dyspnea, palpitation and weakness had 
been present for 3 years. One year previously he had 
entered the hospital for 1 month. The diagnosis was 
hypertensive heart disease and enlarged liver. Blood 
pressure was 200/100. He had slight ankle edema. On- 
set of ascites had occurred 3 months before present 
admission. Two months previously he had entered an- 
other hospital. He vomited blood for a day after entry. 
X-ray showed esophageal varices. Digitalis and mer- 
cupurin were administered. Abdominal taps were per- 
formed weekly for 7 weeks. His weight loss had been 
40 lbs. in 2 years. On transfer to Research Service, 
chief findings were: emaciation, dyspnea, cardiac en- 
largement, blood pressure 200/100, ascites, slight periph- 
eral edema, palpable, non-tender liver and spleen, pig- 
mentation, diminished vibratory sensation in legs; RBC 
3.6, Hgb. 68%, WBC 8,800, Takata +, icteric index 3, 
bromsulfalein 18%, albumin 3.2, globulin 3.2; urine 
showed albumin + and many WBC. Right pyelogram 
showed hydronephrosis; venous pressure was 70, circu- 
lation time was 16 seconds (decholin). 

He was maintained on digitalis, grains 1% daily. He 
had six abdominal taps in the first 3 months and none 
thereafter for 2 years. Digitalis was withheld for 1 
month on 3 occasions. Venous pressure rose to 150 mm., 
H 2 0 and circulation time to 20 seconds without return of 
ascites or edema. It was therefore believed that this was 
not a case of cardiac cirrhosis. Pyuria cleared with 
mandalate therapy. The patient became ambulatory and 
well. On May 2, 1940, laboratory data were: RBC 4.2, 
Hgb. 82%, WBC 6,000, albumin 4.3, globulin 3.5, Takata 
negative, bromsulfalein 20%. He was readmitted on 
July 13, 1940, with signs attributable to abdominal malig- 
nancy. There was no sign of heart failure and no 
return of ascites. He died on August 19, 1940. There 
was no autopsy. 

Case 43. A 61-year-old Irish bartender entered the 
hospital January 7, 1938, because of abdominal swelling. 
There was a history of typhoid fever and malaria in 
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childhood, of gonorrhea 40 years before hospital entry, 
and of alcoholism for 25 years. Hemorrhoids were pres- 
ent for 6 years. Massive hematemesis, followed by 
intermittent abdominal distention, occurred 4 years before 
admission. A massive hematemesis occurred 3 years 
before, which necessitated a blood transfusion. Icterus 
was noted. He had cramps and paresthesias in legs for 
1 year. For 4 months there had been anorexia and in- 
creasing abdominal fullness. For 2 months he had no- 
ticed swelling of ankles and feet and had felt weak. 
His average weight was ISO. Chief findings were: as- 
cites, edema, palpable liver and spleen, vascular “ spiders *\ 
collateral veins, pigmentation, umbilical hernia, polyneu- 
ritis, mental confusion, glossitis, hemorrhoids, urethral 
stricture; RBC 4.3, Hgb. 92 %, WBC 2,800, Takata +, 
icteric index 5, bromsulfalein 40%, serum albumin 3.2, 
serum globulin 3.5. 

Fifteen abdominal taps were performed in 10 months 
with time intervals between taps gradually lengthening. 
During the next 4 months there was no recurrence of 
ascites or edema. Liver and spleen were barely palpable. 
He had surgical repair of strangulated umbilical hernia 
on January 12, 1939, without ill effect. He was dis- 
charged April 15, 1939 and resumed work. He had a 
repair of the urethral stricture on May 20, 1939. On 
follow-up August 21, 1940 (2^ years after entry), there 
was no clinical change. Laboratory data at this time 
were: RBC 4.6, Hgb. 90%, WBC 3,500, albumin 4.7, 
globulin 2.7, Takata negative, bromsulfalein 18%, icteric 
index 5, He felt well and was active as bartender. 

Case 47 . A 45-year-old Irish bartender’s wife entered 
the hospital October 5, 1936, because of swollen abdo- 
men. She had a history of " moderate ” alcohol intake. 
Anorexia, nausea and vomiting, followed by onset of 
ascites and hematemesis, had occurred 1^ years before 
admission. She was hospitalized for 6 months and re- 
ceived mercurial diuretics and four abdominal taps. 
Three days after discharge she entered another hospital 
because of hematemesis. She had nine abdominal taps 
in the next 4 months and was transferred to Research 
Service on October 5, 1936. Chief findings were : emacia- 
tion, dry scaly skin, glossitis, vascular “ spiders ”, col- 
lateral circulation, ascites, edema, palpable liver and 
spleen, clubbed fingers, right hydrothorax, net weight 93 
lbs.; RBC 4.0, Hgb. 81%, WBC 7,500, serum albumin 
2*2, globulin 2.8, bromsulfalein 24%, Takata + f icteric 
index 8, 

The patient’s condition was critical during the first 6 
weeks. Two abdominal taps were performed. There- 
after, gradual diuresis with loss of ascites and edema 
occurred, followed by disappearance of vascular “spi- 
ders” and clubbing. Liver and spleen were smaller but 
still palpable. She showed striking gain in weight and 
strength and was ambulatory after 11 months. Her 
weight was 145 lbs. She was discharged January 18, 
1938, 15 months after entry, and resumed housework. 
On August 23, 1940 (4 years after entry) the liver and 
spleen were still palpable, weight was 145 lbs.; RBC 4.5, 
Hgb. 88%, WBC 5,500, albumin 4.9, globulin 3.1, icteric 


index 5, bromsulfalein 20%, Takata negative. She felt 
entirely well. 

Case 46. A 63 -year-old Irish laborer entered the hos- 
pital July 4, 1936, on account of abdominal swelling. 
He was an alcoholic and his diet had been poor in meat 
and dairy products. For 5 years nausea and vomiting 
had occurred after drinking liquor. For 1 year he had 
had intermittent edema of ankles. For 3 months he 
had had progressive swelling of the legs, scrotum, ab- 
domen, and transient jaundice. Chief findings were: un- 
dernutrition, ascites, edema, palpable liver, collateral 
veins, glossitis, polyneuritis, hemorrhoids; RBC 4.6, Hgb. 
99%, WBC 12,000, albumin 2.2, globulin 3.6, icteric in- 
dex 4, bromsulfalein 25%, Takata +. 

Four abdominal taps were performed in 2 months. 
He had a sudden diuresis followed by loss of ascites and 
edema. His weight fell from 160 to 120 lbs. in 3 weeks. 
Thereafter he showed a steady gain in weight and 
strength. The liver edge receded. The patient felt well 
and resumed former work. At the time of discharge on 
February 15, 1938, his weight was 145 lbs., RBC 4.8, 
Hgb. 95%, WBC 7,000, serum albumin 5.0, globulin 3.8, 
bromsulfalein 20%, Takata ±, icteric index 5. He re- 
turned to follow-up 10 months later (December 2, 1938) 
because of paresthesias in legs. There was no return of 
ascites or edema; liver was barely palpable; polyneuritis 
was marked. Vitamin therapy was resumed, together 
with 9 ounces of 40% alcohol daily for the ensuing 14 
months. There was no essential change. The patient 
was ambulatory and well. On October 1, 1940 (4 years 
after first entry) laboratory data were as follows: RBC 
4.3, Hgb. 84%, WBC 9,000, albumin 4.5, globulin 2.7, 
icteric index 7, bromsulfalein 25%, Takata negative. 

Case 42. A 57-year-old Russian sailor entered the 
hospital January 14, 1938, because of abdominal swelling. 
He was an alcoholic and his diet had been poor in meat 
and vegetables. He had had hemorrhoids 2 years before 
admission. Onset of jaundice, ascites and edema had 
occurred 3% months before admission. He had been 
hospitalized October 18, 1937, for 3 weeks. Examination 
showed above signs and an icteric index of 45. He had 
diuresis with mercurial drug. His weight fell from 205 
to 173 lbs. He was readmitted on December 13, 1937, 
with identical signs. His icteric index was 18. He 
received an abdominal tap and mercurial diuretics and 
was transferred to Research Service. Chief findings 
were: ascites, edema, palpable liver and spleen, collateral 
veins, hemorrhoids, glossitis, polyneuritis; RBC 3.1, Hgb. 
76%, WBC 4,500, serum albumin 2.8, globulin 4.5, 'icteric 
index 7, Takata bromsulfalein 40%, urine negative. 

There was loss of ascites and edema during the first 
month and gain in strength. On February 15, 1938, he 
had an upper respiratory infection followed in 3 weeks 
by signs of acute nephritis with anasarca. Urine showed 

m U /T; * “*«**• pressure rose from 

130/75 to 160/100; N.P.N. from 30 to 65; weight in- 
creased from 157 to 187 lbs. (anasarca) ; serum albumin 
fdl from 3.1 to 2.0. Steady clinical improvement took 
place in 6 weeks w.th loss of ascites and edema. At dis- 
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charge, January 19, 1939 (1 year after entry), the labora- 
:ory data were: RBC 4.0, Hgb. 90%, WBC 4,100, albumin 

5.8, globulin 3.0, bromsulfalein 30%, Takata negative, ic- 
:eric index 7. He resumed work. He was readmitted 
A.pril 14, 1939, with a transient jaundice after an upper 
•espiratory infection. It subsided in 1 week and he re- 
sumed work. He was readmitted May 28, 1940, for study. 
He felt entirely well. Liver was not palpable; spleen 
vas palpable; weight was 178. There was no ascites, 
>dema, or jaundice and no change in laboratory data. 
Dn September 7, 1940 (2 years and 9 months after entry) 
:here was no essential change. 

Case 45. A 40-year-old negro painter entered the hos- 
pital January 26, 1937, because of jaundice and swollen 
ibdomen. He had a history of alcoholism, chancre IS 
fears before, poor diet. One year previously he had en- 
;ered the hospital for 6 months because of jaundice, edema 
md dyspnea. After discharge he resumed old habits. He 
lad had increasing ascites, jaundice, abdominal pain, 
lausea and vomiting for 1 month before admission. He 
lad had epistaxis 1 day. He entered the hospital De- 
:ember 16, 1936 and had an abdominal tap on the day of 
:ntry. Ascites returned. He had diuresis after 1 month 
vith KI, saline and mercurial diuretics. On transfer to 
Research Service, the chief findings were: jaundice, vas- 
pular “spiders”, palpable liver and spleen; RBC 3.9, Hgb. 
^6%, WBC 6,200, Wassermann 2 +, serum albumin 3.6, 
globulin 3.8, icteric index 33, Takata +. No ascites or 
:dema was present. 

The patient had a chill and fever for 2 days. Tem- 
perature was 100 to 101 for 1 week; thereafter it ran 
i benign course. The liver edge receded. There was no 
return of ascites or edema. Jaundice disappeared. The 
patient was discharged after 8 months (October 9, 1937) 
mth RBC 4.6, Hgb. 99%, WBC 6,200, albumin 3.9, 
globulin 2.7, icteric index 8, bromsulfalein 36%, Takata 
negative. He felt entirely well. He was symptom-free 
for 3% years, then resumed previous drinking habits and 
vas readmitted to the hospital in May 1940 with ascites 
ind jaundice. 

Case 48. A 49-year-old Irish American clerk entered 
the hospital November 27, 1936, because of swollen legs. 
She gave a history of chronic alcoholism and poor diet. 
Five years previously she had been hospitalized for 
syphilis, pulmonary tuberculosis and multiple neuritis. 
She received 15 injections of neoarsphenamine ; her Was- 
sermann became negative. The infiltration at the right 
[ung apex healed. Biceps, triceps, Achilles reflexes re- 
mained absent. Paresthesias disappeared. Liver and 
spleen were not palpable. She was discharged July 28, 
1932, 10 months after entry. In the interval before she 
re-entered the hospital alcoholism was severe and neu- 
ritis recurred. One month before re-entry she had 
transient jaundice and edema of legs. Chief findings 
were: obese woman, mentally dull and confused; tremor 
of hands, pellagrous dermatitis, glossitis, umbilical her- 
nia palpable spleen and liver, vascular “spiders”, poly- 
neuritis, phlebitis; RBC 3.5, Hgb. 88%, WBC 6,500, 
serum albumin 4.2, globulin 4.5, Takata -h , bromsulfalein 
10%, icteric index 3. No ascites or jaundice. 


Jaundice cleared before entry. With therapy, there 
was marked improvement in psyche and sensory com- 
ponents of neuritis. The liver receded in size; the spleen 
was still palpable. Laboratory data on discharge were: 
bromsulfalein 0, albumin 4.5, globulin 3.1, Takata nega- 
tive, Other laboratory data were unchanged. She was 
discharged April 1, 1937, 4 months after entry, and re- 
sumed work. There was no follow up. 

Case 49. A 48-year-old American housewife entered 
the hospital March 13, 1937, because of jaundice. She 
gave a history of alcoholism and poor diet. Four years 
previously she had been jaundiced for several months. 
For 2 years she had been on a liquid diet and for 6 months 
she had had dysphagia and regurgitation of foods. She 
had been bedridden for 4 months because of weakness and 
paralysis. Jaundice recurred 1 month before admis- 
sion. Chief findings were: Obese, jaundiced woman, 
dull, confused, disoriented; nystagmus, pellagrous der- 
matitis, glossitis, severe polyneuritis, vascular “ spiders ”, 
palpable liver; RBC 3.46, Hgb, 77%, WBC 7,000, serum 
albumin 3.7, globulin 3.6, Takata negative, bromsulfalein 
> 40, icteric index 30. There was questionable ascites 
and splenomegaly. 

The patient was fed by nasal catheter for 1 month and 
thereafter ate solid foods. She showed marked improve- 
ment in strength and psyche. There was a subsidence of 
neuritis, dermatitis and glossitis; the liver edge receded, 
the jaundice disappeared after 1 month. The patient be- 
came ambulatory but had a residual foot drop. She was 
discharged December 23, 1937, 7 months after entry. 
Laboratory data were: RBC 4,2, Hgb. 91%, WBC 6,000, 
icteric index 3, bromsulfalein 20%, albumin 4,9, globulin 

2.8, Takata negative. On June 25, 1940, the patient was 
ambulatory and well. Laboratory data were essentially 
unchanged 3% years after entry. 

Case 50. A 49-year-old Irish American housewife 
entered the hospital November 1, 1938, because of weak- 
ness. She was a chronic alcoholic whose diet had been 
poor in meat and dairy foods. Nausea, vomiting, ab- 
dominal cramps had occurred for several years. One 
year previously she received 24 injections of neoarsphe- 
namine. For 10 months there had been six loose stools 
daily, and for 1 month vomiting spells, inability to walk, 
and paresthesias of the legs were noted. Her best weight 
was 145; her weight on admission was 128.' Chief find- 
ings were : mental torpor and confusion, nystagmus, poly- 
neuritis, rough dry skin, vascular 11 spiders ”, palpable 
liver, collateral veins, glossitis, hemorrhoids; RBC 4.8, 
Hgb. 85%, WBC 5,000, serum albumin 3.6, globulin 3.6, 
Takata +, bromsulfalein 20%, icteric index 5. No 
jaundice or ascites was present. 

The patient gained in weight and strength; the liver 
edge receded; the “spiders” disappeared. She had no 
G.I. disturbances. The neuritis was only partially im- 
proved. She was discharged on March 15, 1940 and re- 
sumed work. On discharge laboratory data were: RBC 
4.5, Hgb. 96%, WBC 11,000, serum albumin 5.1, globulin 

2.9, Takata negative, icteric index 5, bromsulfalein 0. 

On October 1, 1940, 2 years after entry, there was no 
clinical change. She felt well. 


DIETARY TREATMENT OF CIRRHOSIS 


499 


Core 5L A 53-year-old Irish American clerk entered 
the hospital October 19, 1939, because of numbness of 
legs. He gave a history of alcoholism and poor diet. 
He had been hospitalized February 1, 1939, because of 
optic neuritis. Chiei findings were: optic atrophy, poly- 
neuritis, palpable liver and spleen, collateral veins, glos- 
sitis; bromsulfalcin 30%, albumin 4.3, globulin 3.3, Ta- 
kata negative. There was no ascites. The patient was 
seen periodically in O.P.D. and was admitted to Research 
Sendee because of paresthesias in legs. Added to the 
above findings were icterus and vascular “ spiders ", RBC 
4.6, Hgb. 86%, WBC 6,700, albumin 4.5, globulin 3.3, 
bromsulfalcin 40%, icteric index 15, Takata negative. 

The patient was placed on dietary therapy and was 
given 9 ounces of 40% alcohol daily during 6 months’ 
stay. He showed steady gain in weight and strength. 
Liver and spleen remained palpable. Neuritis subsided. 
Vascular “spiders" disappeared. On discharge labora- 
tory’ data were: RBC 4.8, Hgb. 90%, WBC 3,500, al- 
bumin 5.1, globulin 2.7, icteric index 7, bromsulfalein 
16%, Takata negative. On October 1, 1940, 1 year after 
entry', there was no clinical change. 

Case 52. A 26-year-old Irish American typist entered 
the hospital December 11, 1937, because of a mass in the 
abdomen. She gave a history* of alcoholism and poor 
diet. She had had anorexia for 3 years, nausea and 
vomiting for 2 years, and a mass in the abdomen and 
edema of ankles, followed by severe epigastric pain and 
jaundice, 2 months before admission to the hospital. 
She was hospitalized November 4, 1937. In the hospital 
she had a hematemesis and epistaxes. Her icteric index 
was 16. Exploratory laparotomy revealed large, granular 
liver. Biopsy showed fatty degeneration and periportal 
fibrosis. Severe paresthesias of legs developed post- 
operatively. After 5 weeks patient signed release; she 
entered Research Sendee 2 weeks later. Her weight 8 
years previously had been 127; 3 years previously 110; 
1 month previously 80 lbs. Chief findings were: Emaci- 
ated, pale, hysterical young woman; dry, parchment-like 
skin, vascular w spiders ", hard, tender liver filling right 
half of abdomen, palpable spleen, collateral veins, glos- 
sitis, polyneuritis, hemorrhoids; RBC 3.3, Hgb. 71%, 
WBC 7,250, Takata +, icteric index 2, bromsulfalein 
5%, serum albumin 3.9, globulin 4.7. No ascites. 

In July 1938, the patient had an episode of fever, chills, 
colon bacilluria due to left ureteral stone ; symptoms sub- 
sided with passage of stone. In September 1938, she 
had transient jaundice for 2 weeks; no apparent cause. 
(Icteric index rose to 25.) Except for these 2 compli- 
cations, she showed steady improvement. There were no 
G.I. disturbances; the liver edge receded; vascular “spi- 
ders" disappeared; neuritis subsided. The patient re- 
sumed work on December 5, 1938, 1 year after entry. 
She was seen periodically in O.P.D. and felt entirely 
well. Her weight was 123 lbs., the liver edge was at the 
costal border. On June 4, 1940, laboratory data were : 
RBC 4.5, Hgb. 85%, WBC 7,000, icteric index 5, brom- 
sulfalein 10%, albumin 5.4, globulin 3.1, Takata negative. 
On September 7, 1940 (2 years, 9 months after entry), 
there was no clinical change. 


Case 44. A 45-year-old Irish cook entered the hospital 
April 28, 1937, because of painful, weak legs. She gave 
a history of alcoholism and a diet poor in meat and vege- 
tables. She had had a daily purgation with epsom salts for 
the previous 4 years. Her weight had fallen from 150 to 
94 lbs. She had been hospitalized 5 years previously for 
alcoholism. She had had progressive weakness and pares- 
thesias of legs for 5 months; dysphagia, incontinence of 
urine and feces for 3 months; persistent vomiting for 
2 months. She was hospitalized March 31, 1937, and 
transferred to Research Sendee 1 month later. Chief 
findings were: pale emaciated, disoriented; skin rough, 
dry, and pigmented; vascular “spiders", palpable liver, 
ascites, glossitis, collateral veins, severe polyneuritis ; 
RBC 3.7, Hgb. 81%, WBC 10,000, serum albumin 3.8, 
globulin 2.7, bromsulfalein 20%, Takata negative, icteric 
index 3. She had no jaundice. 

Except for transient phlebitis of leg, improvement was 
steady. There was no recurrence of ascites; the liver 
edge receded; glossitis and polyneuritis subsided. Her 
weight rose to 140 lbs. In addition to dietary therapy, 
the patient received 9 ounces 40% alcohol daily for 1% 
years without causing apparent change. She was dis- 
charged September 1, 1939, to resume work and was seen 
periodically in O.P.D. Laboratory' data on May 18, 
1940 were: RBC 5.0, Hgb. 95%, WBC 7,450, serum 
albumin 5.0, globulin 2.5, Takata negative, bromsulfalein 
30%, icteric index 7. She felt entirely well 3 years 
after entry. 


Group 2 

Case 26. A 40-year-old Italian barber entered the hos- 
pital January 7, 1938, because of swelling of legs and 
abdomen. There was a past history' of chronic alcoholism. 
He had had varicose veins 15 years previously and in- 
termittent swelling of legs for 10 years. He had had 
phlebitis 3 years previously. Previous hospital admis- 
sions: (I) March, 1934: Edema, hematuria, albuminuria, 
palpable liver, B.P. 165/100. Diagnosis: nephritis; cir- 
rhosis of liver. (2) July, 1935: Palpable liver and 
spleen, jaundice, dubbed fingers. (3) November, 1935; 
Palpable liver and spleen, jaundice, ascites. Urine nega- 
tive. Loss of ascites with mercurial diuretics. (4) 
April, 1936: Ascites, edema, palpable liver and spleen, 
jaundice (icteric index 40), phlebitis. (5) November! 
1938: Above findings. Diuresis with mercurial diuretics. 
Weight fell from 280 to 230 lbs. Transferred to Re- 
search Service. Chief findings were: Obese Italian' 
jaundice, vascular “spiders", palpable liver and spleen 
ascites, umbilical hernia, thrombophlebitis of legs, clubbed 
fingers; RBC 4.8, Hgb. 84%, WBC 3,400, bromsulfalein 
>40%, icteric index 20, Takata +, serum albumin 24 
globulin 4.8. ' 

.H JS disability was recurrent phlebitis; he had 
time episodes with chill, f eV er, and painful swelling of 
legs, he had frequent hemoptyses. On at least two oc- 
casions he had a pulmonary infarction. Otherwise the 
patient felt well during his 18 months’ stay. Ascites 
disappeared without recurrence. His weight fell from 
430 to 210; albumin rose to 3.0, globulin fell to 3.8; 
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icteric index 10 to IS. There were no other changes 
and his course was considered stationary. He was dis- 
charged July 19, 1939, and died suddenly at another 
hospital 4 months later. There was question of a pul- 
monary embolus. There was no autopsy. 

Case 27. A 49-year-old Italian laborer entered the 
hospital January 1, 1938, for abdominal swelling. He 
gave a history of alcoholism and poor diet; he had had 
syphilis and arsphenamine therapy 25 years previously. 
Previous hospital admissions: June, 1934: Jaundice, as- 
cites; abdominal tap. April, 1935: Ascites, edema, pal- 
pable liver, hematemesis; abdominal tap. June, 1935: 
Ascites, edema, palpable liver and spleen, jaundice, glos- 
sitis, vascular “ spiders ” ; abdominal tap. September, 
1937: Signs and therapy as above. November, 1937: 
Above signs, vomiting, melena; icteric index 25. Be- 
tween hospital entries, the patient received injections of 
mercurial diuretics 2 to 3 times weekly to control ascites. 
He entered Research Service on January 1, 1938. Chief 
findings were: Icterus, nystagmus, ascites, edema, vas- 
cular “ spiders ”, pigmentation, glossitis, palpable liver and 
spleen; RBC 4.2, Hgb. 88%, WBC 7,200, albumin 3.2, 
globulin 4.0, icteric index 10, bromsulfalein > 40, Takata 
+ ; occasional RBC, WBC, casts and + albumin in urine. 
There was a question of polyneuritis. 

The patient had four abdominal taps in 3 months; 
thereafter he was ambulatory and ascites-free for 1 % 
years without taps or diuretics. Takata was negative. 
In September. 1939 he had a sudden chill, fever and 
signs of pneumonia, with rapid onset of ascites. He had 
weekly abdominal taps until death, 7 months later. Al- 
bumin declined 3.6 to 2.8; icteric index rose from 6 to 
15 ; bromsulfalein rose from 40 to 80% ; spleen was 
enormous, Takata +. He died April 25, 1940, 2% 
years after entry. Portal thrombosis was suspected. 
There was no autopsy. 

Case 29. A 53-year-old American janitor entered the 
hospital December 21, 1937, because of abdominal swell- 
ing. He gave a history of alcoholism and a diet poor 
in meat and vegetables. His Wassermann had been posi- 
tive in 1931. He had had arsphenamine therapy in 1931 
and 1932. He had had paresthesias in legs for several 
years, intermittent swelling of legs and abdomen for one 
year and persistent swelling for 2 months. He was hos- 
pitalized on November 29, 1937 and had an abdominal 
tap. His weight fell from 174 to 148 lbs. He received 
diuretics and minimal vitamin therapy. Ascites recurred 
in 3 weeks and he was transferred to Research Service. 
Chief findings were: Dry, rough skin, polyneuritis, glos- 
sitis, vascular “ spiders ”, palpable liver and spleen, ascites, 
collateral veins; RBC 3.8, Hgb. 75%, WBC 8,000, serum 
albumin 2.5, globulin 3.4, bromsulfalein 28%, Takata +, 
icteric index 5. 

He was given intensive vitamin therapy at entry and 
had diuresis in 5 days. His weight fell from 165 to 
130 lbs,, with loss of ascites and edema. Albumin rose 
from 2.5 to 3.2 in 10 days. For the next 2 years the 
patient was ambulatory and well. His weight rose from 
130 to 150 lbs. He had no G.I. disturbances; no ascites 
or edema. Laboratory data, however, remained un- 


changed: Serum albumin 3.1 to 3.5, icteric index 5 to 
12, bromsulfalein 15 to 40%, Takata 2 + to 4 +, globulin 
3.5 to 4.0. He was discharged February 6, 1940, and 
returned 1 month later with massive ascites. He was 
mentally confused (interval history unreliable). Lab- 
oratory data were: Serum albumin 2.4, globulin 3.4, 
RBC 4.7, Hgb. 90%, WBC 13,500. There was rapid 
onset of coma, with death 4 days after entry. Autopsy 
showed portal cirrhosis of liver. 

Case 28. An 83-year-old Italian laborer entered the 
hospital September 16, 1937, for abdominal swelling. 
He gave a history of alcoholism, syphilis and poor diet 
(0 meat, 0 vegetables). He had had a course of 
arsphenamine 5 years previously. Anorexia and ab- 
dominal swelling had been present for 1 year. He en- 
tered the hospital in January 1937. Chief findings were: 
Ascites, edema, hydrothorax; icteric index 18, bromsulfa- 
lein 50%, Wassermann negative. He received three ab- 
dominal taps and mercurial diuretics; was transferred to 
Research Service September 16, 1937. Chief findings 
were: Emaciated old man; dry, rough skin, pigmentation, 
glossitis, collateral veins, ascites, edema, B.P. 135/75; 
RBC 3.7, Hgb. 75%, WBC 7,800, serum albumin 1.8, 
globulin 5.3, Takata +, icteric index 9, bromsulfalein 
> 40; Wassermann negative. There was a question of 
peripheral neuritis. Liver and spleen were not felt. 

He had two abdominal taps in 2 months. Mercupurin 
injections at intervals controlled minimal ascites and 
edema for 8 months. After 1 year no ascites or edema 
was present. Serum albumin in 1 year rose from 1.8 
to 3.0; globulin varied from 4.6 to 5.6; Takata remained 
+ ; icteric index rose from 5 to 10; bromsulfalein was 
±i 40. Weight was between 120 and 125 lbs. His course 
was stationary throughout the second year. There was 
no ascites. The patient was ambulatory. Laboratory 
values remained unchanged. In September 1939, 2 years 
after entry, there was increasing jaundice. The icteric 
index rose gradually to 50 in November; albumin fell 
from 3.0 to 2.1. Hgb. fell from 80 to 67%. The pa- 
tient lapsed into coma and died on January 23, 1940, 

2 years and 4 months after entry. Autopsy showed car- 
cinoma of caudate lobe, cirrhosis (portal) of liver. 
The terminal 4-month course was probably due to the 
superimposed carcinoma. 

Case 35. A 38-year-old Porto Rican entered the hos- 
pital November 15, 1938, because of swollen abdomen. 
She gave a history of alcoholism and poor diet (0 meat; 

0 vegetables). She had had rheumatic fever 10 years 
previously and a hysterectomy 5 years previously. She 
had had recurrent epistaxes for 4 years, occasional tarry 
stools for 3 years, purpuric spots and easy bruising for 
2 years, intermittent jaundice for 2 years. She had lost 
17 lbs. in 1 year, had had paresthesias for 1 year and 
swelling of abdomen and ankles for 8 months. She 
entered another hospital 2 months before being trans- 
ferred to Research Service. Chief findings were: Jaun- 
dice, ascites , edema, palpable liver and spleen, collateral 
veins, vascular " spiders ”, mitral valvulitis; RBC 2.2, 
Hgb. 48%, WBC 5,300, platelets 80,000, icteric index 
20, cholesterol 485, Takata +, trace of bile in urine. 
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Stools were negative for schistasoma. She received a 
high CHO diet and vitamin supplements. When trans- 
ferred to Research Service, findings were as above. In 
addition, glossitis, mild peripheral neuritis, nystagmus 
and pigmentation over tibiae were present. On No- 
vember 7, 1938, laboratory data were: RBC 2.34, Hgb. 
59%, WBC 8,000, Wassermann 2 +, albumin 2.9, globulin 
4.5, Takata + f icteric index 50, bromsulfalein 80%, trace 
of bile in urine. 

Ascites increased in the first 2 weeks after hemorrhage 
from vascular “ spider ” on lip ; bleeding point was 
cauterized; patient was transfused with 400 cc. blood. 
Diuresis was followed by a 20 lb. weight loss and dis- 
appearance of ascites and edema during the next 2 
months. The patient showed a marked gain in strength, 
felt well and left against advice. On discharge, 4 
months after entry, laboratory data were: RBC 3.0, 
Hgb. 69%, WBC 6,800, icteric index 20, albumin 3.4, 
globulin 4.1, Takata +, bromsulfalein 70%. She entered 
another hospital 1 month later because of massive hema- 
temesis and was transfused. Liver biopsy showed portal 
cirrhosis. She was discharged after 1 month and seen 
at home July 9, 1939, when she was ambulator)" but weak. 
She had slight jaundice, albumin 3.7 and globulin 4.6. 
There was no ascites. She returned to Puerto Rico and 
there was no follow up. 

Case 39. A 58-year-old Swedish watchmaker entered 
the hospital May 24, 1939, because of swollen abdomen. 
He gave a history of alcoholism, inadequate diet, occa- 
sional diarrhea and cramps in fingers and toes. He had 
had daily epistaxes for 6 months and ascites for 1 
month. He was hospitalized May 4, 1939. There was 
partial loss of ascites with mercurial diuretics and mini- 
mal vitamin therapy. His weight fell from 176 to 165. 
He was transferred to Research Service 3 weeks later. 
Chief findings were: dry, rough skin, jaundice, vascular 
“spiders”, pigmentation, collateral veins, palpable liver 
and spleen, ascites, edema, peripheral neuritis; RBC 3.1, 
Hgb. 65%, WBC 7,600, icteric index 25, bromsulfalein 
86%, albumin 2.9, globulin 5.7, Takata +. 

Diuresis continued after entry. He received a nutri- 
tious diet without vitamin supplements and felt moder- 
ately well. His icteric index fell to 8; bromsulfalein to 
68%. Blood counts and serum proteins remained un- 
changed. He was discharged August 12, 1939, and fol- 
lowed in O.P.D. Although there was no recurrence of 
ascites, the patient felt poorly and complained of fatigue. 
Mild icterus was consistently present (icteric index 20 
to 40). He was re-admitted on December 18, 1939 and a 
nutritious diet and vitamin B concentrates were given. 
His weight increased 20 lbs. in 4 months. There was 
no ascites. Polyneuritis and jaundice subsided. He was 
discharged on May 24, 1940, and followed in O.P.D. On 
November 16, 1940, laboratory data were: albumin 4.0, 
globulin 4.3, icteric index 12, bromsulfalein 72%. The 
patient felt much improved 1% years after first entry. 

Case 40. A 50-year-old Greek clerk entered the hos- 
pital January 12, 1939, because of abdominal swelling. 
He gave a history of alcoholism. His diet had been 


adequate. He had no history of malaria. Three years 
previously (November, 1935) he had had swelling of 
abdomen and legs and had been hospitalized for 7 weeks. 
One abdominal tap had been performed. He was read- 
mitted 4 times at monthly intervals for abdominal taps. 
Since July, 1936, the ascites had been partially controlled 
by weekly injections of mercurial diuretics and daily 
ingestion of saline diuretics. He was never ascites-free. 
One year before admission to Research Service he had 
had a transient hemiplegia. For 1 year he had had pares- 
thesias in legs. He reentered the hospital because of 
failure of the ascites to respond to diuretics and was 
transferred to Research Service January 12, 1939. Chief 
findings were : hepatic facies, vascular “ spiders ”, in- 
creased pigmentation, B.P. 180/110, umbilical and in- 
guinal hemiae, collateral veins, ascites, palpable liver 
and spleen, hemorrhoids, edema; venous pressure 94, 
circulation time 14 seconds, RBC 4 2, Hgb. 92%, WBC 
4,500, albumin, RBCs and casts in urine, bromsulfalein 
30%, Takata + f serum albumin 2.7, globulin 3.3, icteric 
index 3. There was no cardiac enlargement. 

One abdominal tap was performed 2 weeks after entry. 
Saline diuretics were given for 6 months. There was a 
gradual disappearance of ascites and edema and the 
patient was free of ascites and edema for 1 year. Liver 
and spleen were barely palpable. Vascular u spiders ” 
disappeared. Hypertension and urinary changes per- 
sisted. Pyelogram showed destructive lesion in the kid- 
ney pelvis. Guinea pig showed + Tbc. He was dis- 
charged against advice on July 1, 1940, 1% years after 
entry". Laboratory data were: RBC 42, Hgb. 88%, 
WBC 5,200, bromsulfalein 14%, icteric index 5, serum 
albumin 3.0, globulin 2.8, Takata negative. The patient 
was ambulatory but not strong. When he was seen 2 
months later, the ascites was returning. 

Case 32. A 45-year-old Greek waiter entered the hos- 
pital March 13, 1940, because of hematemesis. He had 
had three courses of arsphenamine therapy 15 years pre- 
viously and 3 injections yearly thereafter. His diet had 
been poor in meats and fats. He did not take alcohol. 
He had had G.I. distress for many r y-ears and had taken 
cathartics daily for 5 years for constipation and hemor- 
rhoids. For 1*6 years he had had severe epigastric pain 
1 to 2 hours after meals. Tarry stools had been noted. 
In February'* 1940, he had had two massive hematemeses 
followed by onset of ascites. He was hospitalized. 
Fluoroscopy ehowed esophageal varices. He was trans- 
ferred 1 month later to Research Service. Chief find- 
ings were : Pallor, vascular “ spiders ”, palpable liver and 
spleen, ascites, collateral veins; RBC 3.34, Hgb. 53%, 
WBC 3,450, Takata + f bromsulfalein 30%, serum al- 
bumin 32, globulin 3.1, icteric index 7. There was no 
jaundice. 

Two months after entry- he had a sudden melena for 
which there was no apparent cause. After that, the 
patient made steady gain in weight and strength. Ascites 
disappeared. He was discharged September 5, 1940 and 
resumed w'ork. On discharge laboratory' data were : 
RBC 42, Hgb. 93%, bromsulfalein 24%, icteric index 
7, serum albumin 3.8, globulin 37. He was seen January- 
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11, 1941, 10 months after entry. There was no change. 
He felt well. 

Case 33. A 46-year-old American waitress entered the 
hospital February 26, 1940, because of abdominal swell- 
ing for 3 months. An accurate history was not obtain- 
able. She had had a salpingectomy 15 years previously 
and pneumonia 4 years previously. She gave a history 
of chronic alcoholism and poor diet (no meat or dairy 
foods). She was admitted with delirium tremens. Chief 
findings were: disoriented, confused, undernourished 
woman; dermatitis, vascular “spiders”, jaundice, glos- 
sitis, palpable liver, ascites, collateral veins, pigmented 
legs, edema, polyneuritis, perineal abscess; RBC 3.3, 
Hgb. 65%, WBC 15,000, albumin 2.3, globulin 3.5, icteric 
index 15, bromsulfalein 64%, Takata +, urine negative. 

The patient was in a critical condition for 6 weeks with 
a temperature of 100° to 102° F. She was confused, 
incontinent of urine and feces. One abdominal tap was 
performed. Diuresis with loss of ascites and edema oc- 
curred after 8 weeks. Thereafter, she showed striking 
general improvement: incontinence subsided; she became 
mentally lucid; gained 20 lbs.; dermatitis, glossitis, and 
polyneuritis subsided; vascular “spiders” and jaundice 
disappeared; liver edge receded; spleen was not palpable. 
On discharge August 15, 1940, 6 months after entry, 
laboratory data were: RBC 4.3, Hgb. 75%, WBC 8,000, 
icteric index 5, bromsulfalein 8%, Takata negative, serum 
albumin 4.8, globulin 3.2. The patient was seen in 
O.P.D. 2 months later and there was no clinical change; 
she felt well. 

Case 34. A 50-year-old American housewife entered 
the hospital March 19, 1940, because of abdominal swell- 
ing. She gave a history of chronic alcoholism and poor 
diet (no meat, no dairy foods). She had had repeated 
nose bleeds for 5 years and intermittent abdominal dis- 
tress for 4 years; she had known of her hypertension 
for 2 years. In the year before her admission to the 
hospital her weight had fallen from 145 to 121. Five 
months before (October 1939) she had been hospitalized 
for 1 month. Chief findings were: delirium tremens, 
jaundice, moderate ascites, edema, palpable liver and 
spleen, collateral veins; icteric index 20, Kline 2 +, B.P. 
166/88. One month before she had been hospitalized 
with similar findings. A peritoneoscopy, with removal 
of about 1 liter of fluid, showed “ hob-nail ” liver. She 
received injections of thiamin chloride and ascorbic acid, 
glucose infusions and mercurial diuretics. She was trans- 
ferred to Research Service March 19, 1940. Chief find- 
ings were: Pale, nervous, irritable woman; mentally 
cloudy, coarse tremor of hands, lateral nystagmus, many 
vascular w spiders " on face and thorax, subicteric sclerae, 
glossitis, bleeding gums, palpable liver and spleen, col- 
lateral veins, moderate ascites. B.P. varied from 130/80 
to 190/100; venous pressure 85, circulation time 9 sec- 
onds. There was no peripheral edema and no cardiac 
enlargement. Laboratory data were: RBC 3.5, Hgb. 
63%, WBC 8,500, albumin 2.8, globulin 4.0, icteric index 
15, Takata +, bromsulfalein 68%. 

The patient showed a rapid gain in strength and 
weight, with loss of tremor. Ascites disappeared in 2 


months. She became mentally clear and was discharged 
on June 29, 1940, 3 months after entry. Laboratory data 
were: RBC 4.4, Hgb. 89%, WBC 8,700, albumin 3.9, 
globulin 4.2, Takata +, icteric index 5, bromsulfalein 
50%. She was seen in O.P.D. 6 months later and felt 
entirely well; there was no clinical change. 

Case 36. A 40-year-old Porto Rican entered the hos- 
pital May 1, 1940, because of jaundice and G.I. distress. 
He gave a history of alcoholism and poor diet. He 
had had migratory polyarthritis for 15 years, epistaxes 
for 10 years, anorexia, nausea and vomiting for 2 years. 
He had had jaundice for 2 months, followed by onset 
of ascites. He was hospitalized September 6, 1939, and 
received mercupurin injections and vitamin supplements. 
Diuresis with loss of ascites occurred in 5 weeks. His 
weight 10 years previously had been 172; 1 year pre- 
viously 155; before diuresis 140; after diuresis 120 lbs. 
He was discharged October 23, 1939, and was seen in 
O.P.D. 1 week later. Chief findings were: Vascular 
“spiders”, pigmentation, slight jaundice, glossitis, col- 
lateral veins, palpable liver, polyneuritis ; RBC 3.5, Hgb. 
78%, WBC 4,100, albumin 3.9, globulin 4.6, icteric index 
12.5, Takata +, bromsulfalein 40%. There was no 
splenomegaly and ascites was doubtful. 

The patient was seen periodically in O.P.D. and was 
maintained on vitamin therapy. He gained 30 lbs. in 7 
months and gained in strength. There was no ascites. 
He reentered the hospital May 1, 1940, with fever, nausea, 
vomiting, and diarrhea of 3 weeks’ duration. In addition 
to previous findings, he had jaundice (icteric index 25) 
and a palpable spleen. His temperature was 100 to 102° 
F. for 5 days. The jaundice cleared. He was discharged 
in 3 weeks. There was no essential change in blood counts 
or proteins. He resumed work May 20, 1940. On Oc- 
tober 1, 1940, 1 year after his first hospital entry, there 
was no clinical change. 

Group 3 

Case 8. A 48-year-old Italian butcher entered the hos- 
pital September 16, 1937, because of abdominal swelling. 
He gave a history of chronic alcoholism and poor diet. 
He had had arsphenamine therapy 3 years previously 
and nausea and vomiting for 1 year. He had had swell- 
ing of abdomen, legs and scrotum for 5 months, with 
occasional diarrhea and melena. Three abdominal taps 
had been performed the previous month in another hos- 
pital from which he was transferred to Research Service. 
Chief findings were: Emaciation, glossitis, right hydro- 
thorax, ascites, edema, palpable liver and spleen, vascular 
“spiders”, RBC 4.0, Hgb. 68%, WBC 3,000, serum al- 
bumin 2.4, globulin 2.7, Takata +, Kahn +, bromsulfa- 
lein 40%, icteric index 4, venous pressure 65 mm. 

Two abdominal taps were performed in the first 2 
weeks. The patient failed rapidly; became incontinent 
of urine and feces and ran a terminal fever (Tempera- 
ture 102° F.). He died October 11, 1937, 1 month after 
entry. Autopsy showed portal cirrhosis; purulent peri- 
carditis (pneumococcus type 6) ; phlegmonous enteritis 
and colitis. 
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Case 13, A 55-year-old American housewife entered 
the hospital April 3, 1937, because of abdominal swelling. 
She gave a history of chronic alcoholism and poor diet. 
She had had nausea, vomiting and weakness for six 
months, with occasional diarrhea. Four months before 
admission she developed jaundice, followed by swelling 
of abdomen and legs, and increasing mental confusion. 
She entered another hospital and was transferred to Re- 
search Sendee after three abdominal taps had been per- 
formed. Chief findings were: Emaciated, euphoric 
woman; lateral nystagmus, atrophy of tongue, ascites, 
dry skin, edema, wrist and foot drop, absent knee and 
ankle jerks, palpable spleen; RBC 3.3, Hgb. 61%, WBC 
10,000, scrum albumin 2.2, globulin 32, bromsulfalein 
40%, Takata +» icteric index 3. Liver could not be felt. 

There was progressive failure, with abdominal taps at 
biweekly intends. The patient died June 14, 1937, 2 
months after entry'. Autopsy showed portal cirrhosis of 
liver. 

Case 11, A 58-year-old Irish longshoreman entered 
the hospital because of abdominal swelling. He had had 
arsphenamine therapy 27 years previously; malaria 25 
years previously; was a chronic alcoholic; and his diet 
was inadequate. His best weight had been 208. His 
weight on admission was 144 lbs. He had had rheumatic 
fever 2 years previously with carditis (fibrillation) ; as- 
cites had been noted 1 year previously. One abdominal 
tap had been performed at another hospital. Thereafter, 
biweekly diuretics controlled ascites until 1 month be- 
fore admission. He was transferred to Research Service. 
Chief findings were: Emaciated, elderly man; skin dry 
and scaly; legs pigmented and purpuric; teeth missing; 
heart slightly enlarged, slow fibrillation, rate 75 per 
minute; B.P. 130/75; ascites; umbilical hernia; collateral 
veins prominent; hemorrhoids. Liver and spleen could 
not be felt; no CNS changes. Laboratory data were: 
RBC 3.9, Hgb. 81%, WBC 6,200, venous pressure 98, 
circulation time 15 seconds, bromsulfalein 40%, Takata 
+» icteric index 5, serum albumin 2.2, globulin 4.5, total 
cholesterol 238, ester 152. E.K.G. showed auricular 
fibrillation. 

The patient failed rapidly. Three abdominal taps 
were performed. He died in coma, 1 month after entry. 
Autopsy showed portal cirrhosis, bilateral obliterative 
pleuritis, obliterative pericarditis, fibrous encapsulation of 
liver and spleen, chronic pancreatitis. 

Case 19, A 57-year-old Italian laborer entered the 
hospital March 28, 1938, because of abdominal swelling. 
There was no history of jaundice or alcoholism. He 
had had a rapid onset of ascites 7 months previously and 
cramp-like lower abdominal pains for 5 months. He 
had had a laparotomy 2 months before admission. A 
“small, shrunken, nodular liver” had been found. His 
usual weight had been 165; his weight on admission was 
134 lbs. Chief findings were: Emaciated, pale man; 
skin dry and scaly; heart and lungs normal; B.P. 115/90; 
prominent abdominal veins; ascites; bilateral inguinal 
hemiae; hernia of operative wound. No vascular “spi- 
ders”, liver and spleen not felt. Laboratory data were: 


RBC 5.2, Hgb. 92%, WBC 6,000, serum albumin 3.6, 
globulin 4.3, Takata +, bromsulfalein 28%, icteric index 
7, cholesterol 207. 

The patient had abdominal taps every 3 weeks. His 
course was stationary until he had a massive hematemesis 
on September 9, 1938. He responded well to transfusion. 
Signs of pneumonia appeared on January 13, 1939, when 
he had a white cell count of 34,000, Death occurred 4 
days later. Autopsy showed portal cirrhosis, esophageal 
varices, lobular pneumonia; organized, old portal throm- 
bosis, fresh retrograde thrombosis of mesenteric veins. 

Case 21, A 48-year-old German chef entered the hos- 
pital October 22, 1937, because of swollen abdomen. 
He was a chronic alcoholic. He had had salvarsan and 
bismuth injections 9 years previously. He had been 
hospitalized 2 years ago (1935) because of abdominal 
pain and vomiting; a large liver had been noted. He 
was placed on a high CHO, low protein, low fat diet; 
the symptoms persisted. He had occasional diarrhea. 
He entered another hospital 1 month previously and was 
transferred to Research Sendee after one abdominal tap. 
His usual weight was 175; his weight on admission was 
155. Chief findings were: Pallor, vascular “spiders”, 
ascites, edema, collateral veins, left hydrothorax, B.P. 
145/88, liver and spleen palpable. There were friction 
rubs over liver and spleen. The heart was not enlarged. 
There were no CNS changes. Laboratory data were: 
RBC 2.27, Hgb. 55%, hematocrit 26, WBC 3,000, serum 
albumin 2.9, globulin 3.4, icteric index 5, Takata +, 
bromsulfalein 36%, Kahn 2 +, venous pressure 30, circu- 
lation time 10 seconds. E.K.G/s were normal. The as- 
citic fluid contained 3% albumin. 

The patient ran a spiking temperature from 98 to 
101° F. daily throughout his 14-month course. Cultures 
of blood and pleural and ascitic fluids were sterile. Ab- 
dominal taps were performed at 3-week intervals for 3 
months. Two transfusions of 250 cc. each were given. 
He had no taps for 3 months. Moderate diuresis oc- 
curred with loss of ascites. He gained in strength. 
Serum albumin rose from 2.2 to 3.5 grams. Thereafter, 
there was progressive failure for 8 months. He had 
recurrent ascites with weekly paracenteses; the ascitic 
fluid became bloody; epistaxes and hematuria appeared; 
there was no response to vitamin K therapy; an ab- 
dominal tap performed December 18, 1939, was grossly 
bloody. On December 19, 1939, laboratory data were : 
RBC 2.0, Hgb. 37%, WBC 32,000, serum albumin 2.0, 
globulin 2,3, Takata +, bromsulfalein > 40, icteric index 
5. The patient died in shock despite a transfusion of 
500 cc. blood. Autopsy showed portal cirrhosis, esopha- 
geal varices, hemoperitoneum, fibrous adhesions of peri- 
cardium, pleura, and peritoneum; encapsulation of liver 
and spleen by dense fibrous tissue. 
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Oral glucose tolerance tests have generally been 
used to differentiate between diabetes mellitus and 
the various forms of non-diabetic glycosuria (1). 
On the basis of such oral tests alterations in carbo- 
hydrate metabolism have also been reported in nu- 
merous disorders other than diabetes mellitus. 
These include endocrine, intracranial and hepatic 
diseases (2), arthritis (3), and convulsive dis- 
orders of various types (4). Oral tests, however, 
necessarily fail to distinguish between effects due 
to changes in intestinal absorption and those due to 
alterations in carbohydrate metabolism. Varia- 
tions in gastric emptying time and in intestinal ab- 
sorption are in fact known to influence the re- 
sults of oral tests (5). An intravenous glucose 
tolerance test automatically eliminates variations 
due to gastro-intestinal factors. The present study 
describes the results obtained with a standard in- 
travenous glucose tolerance test. The extent of 
variation of the test was first determined in nor- 
mal individuals. It was then applied to patients 
with a variety of conditions in which the carbo- 
hydrate metabolism might possibly be deranged. 

METHODS 

Sixty normal adult subjects were studied. All were 
in the post-absorptive state and remained in a recumbent 
position throughout the morning. After a fasting venous 
blood sample had been obtained, 50 ml. of a 50 per cent 
solution of glucose in distilled water were injected intra- 
venously during a period of two minutes. Samples of 
venous blood 'were obtained at intervals during the next 
two or three hours. In the majority of cases hourly 
urine samples were collected as well. A modification of 
Benedict’s macro-method (6) was used for blood sugar 
analyses, protein-free filtrates of whole blood being em- 
ployed. Protein was removed by the zinc precipitation 
method of Somogyi (7), which also removes most of 
the non-fermentable reducing substances. Rothberg and 
Evans’ (8) tubes were used in the final visual colorimetric 
comparison. Urine samples were analyzed for glucose by 
the quantitative method of Benedict (9). 

The same procedure was applied to 271 patients in the 


New Haven Hospital. Only a few with outright diabetes 
were included. The majority were selected either be- 
cause, on clinical grounds, some abnormality of carbo- 
hydrate metabolism was suspected or because they had 
some one of a variety of disorders reputedly attended by 
derangement of carbohydrate metabolism. 

RESULTS 

(A) Analysis of results in sixty normal subjects 

The original data are presented in Table I. The 
form of the curve derived from these data relating 
blood glucose values to time is indicated in Fig- 
ure 1. The heavy line passes through the mean 
values, while the lighter upper and lower curves 
represent the extreme limits of variation. The 
blood glucose rises sharply immediately following 
the intravenous injection of glucose, then begins 
to fall with almost equal rapidity. The rate of 
fall is, however, progressively retarded during the 
next two hours. The rate of fall of the blood 
glucose varied considerably. In some of the sub- 
jects the blood glucose fell to the fasting value 
within half an hour, while in others it was still 
elevated after an hour and a half. In all subjects, 
by two hours the blood sugar was within the nor- 
mal fasting range. 

In every instance the blood glucose fell below 
the initial fasting concentration at some time 
within the first two hours. This feature of the 
individual curves of Table I is lost when the aver- 
age curve of Figure I is drawn. In many in- 
stances the blood sugar subsequently rose above the 
minimum point. The low point was reached at 
forty-five minutes in four tests; at sixty minutes 
in eight tests; at ninety minutes in thirteen tests 
and at two hours in thirty-one more. In four of 
the ten curves in which the blood sugar was deter- 
mined after three hours, the concentration was 
still lower than it had been after two hours. 

Hypoglycemia therefore regularly occurs in the 
normal individual following the intravenous in- 


507 



508 


E. L. LOZNER, A. W. WINKLER, F. H. L. TAYLOR, AND J. P. PETERS 


TABLE I 

Raw data of intravenous glucose tolerance tests on sixty normal subjects 


Number 

Age 

Sex 

Height 

Weight 

Blood glucose level at minutes indicated after 
intravenous injection of 25 grams of glucose 

Urinary excretion of glucose at 
hours indicated after injection 

0' 

5' 

15' 

30' 

45' 

60' 

90' 

>— » 
to 

O 

180' 

U 

H 

3 

Total 


years 


cm. 

kgm . 

milligrams glucose f>er 100 ml. blood 

grams 

1 

25 

F 

163 

63.5 

94 

222 

167 

87 

78 

78 


87 






2 

39 

M 

173 

59.0 

92 

286 

182 

131 

90 

74 


68 


1.17 

0 


1.17 

3 

29 

F 

165 

51.5 


304 

213 

177 

142 

126 


78 


1.95 

0.04 


1.99 

4 

43 

F 

168 

68.0 


273 

204 

153 

129 

101 


77 


1.59 

0.66 


2.25 

5 

52 

mu 

160 

63.0 

82 

254 

208 

145 

127 

99 


67 


1.13 

0.08 


1.21 

6 

22 

F 

168 

53.5 

82 

296 

234 

191 

153 

102 


87 


0.83 

0 


0.83 

7 

24 

M 

173 

62.5 

92 

263 

191 

141 

95 

76 


78 


1.82 

0 


1.82 

8 

21 

F 

180 ' 

69.0 

91 

206 

177 

112 

68 

65 


82 


0.88 

0 


0.88 

9 

25 

F 

173 

57.5 

98 

282 

POM 

154 

110 

100 


85 


1.27 

0.35 


1.62 

10 

26 

M 

185 

90.5 

86 

263 

144 

88 

76 

67 


89 


0.93 

0 


0.93 

11 

27 

M 

180 

81.5 

90 

255 

200 

175 

146 

120 


83 


1.06 

0.09 


1.15 

12 

26 

F 

160 

49.0 

87 

286 

195 

139 

110 

100 


80 






13 

22 

F 

156 

51.0 

92 

328 

Eg] 

174 

97 

69 


78 


2.06 

0.06 


2.12 

14 

34 

F 

160 

54.5 

84 

291 

193 

119 

90 

60 


67 


1.83 

0 


1.83 

IS 

33 

F 

160 

50.0 

87 

271 

164 

76 

53 

58 


80 


1.66 

0 


1.66 

16 

30 

M 

188 

81.5 

80 



110 

92 

86 

82 

90 


0.73 

0 


0.73 

17 

28 

M 

173 


86 



98 

67 

68 

86 

87 


1.31 

0 


1,31 

18 

41 

M 

170 

76.5 

EEj 



207 

165 

147 

107 

84 


0.59 

0 


0.59 

19 

49 

M 

160 

60.5 

79 



125 

108 

78 

67 

71 


0.89 

0 


0.89 

20 

65 

M 

173 

57.0 

89 



165 


136 

107 

90 






21 

44 

M 

168 

60.5 

82 



143 


99 

89 

82 






22 

40 

M 

173 

60.5 

84 



137 


90 

68 

67 






23 

47 

M 

165 

80.0 

92 



131 


102 

91 

90 






24 

40 

M 

168 

54.0 

86 



171 


135 

95 

79 






25 

35 

M 

173 

64.0 

79 



157 


138 

106 

89 






26 

49 

M 

183 

96.0 

75 



96 

77 

71 

82 

85 


0.51 

0 


0.51 

27 

35 

M 

173 

64.5 

117 



74 

60 

66 

67 

83 






28 

29 

M 

180 

64.5 

79 



126 

93 

78 

57 

67 


0.83 

0 


0.83 

29 

37 

M 

152 

49.5 

82 



135 

95 

79 

76 

78 






30 

26 

M 

157 

55.5 

85 



128 

89 

76 

78 

85 






31 

52 

M 

165 

79.0 

91 



158 

135 

117 

96 

89 






32 

74 

M 

168 

59.0 

■Ml 



130 

111 

102 

78 

80 


0.36 

0.11 


0.47 

33 

35 

M 

157 

52.0 

75 



141 

109 

90 

70 

65 


1.43 

0 


1.43 

34 

53 

M 

180 

87.5 

105 



180 

135 

129 

103 

84 


0.77 

0.12 


0.89 

35 

54 

M 

160 

67.0 

82 



131 

112 

99 

79 

68 


1.31 

0 


1.31 

36 

53 

F 

165 

105.0 

85 



121 

105 

95 

83 

82 


0.5 

0 


0.5 

37 

60 

M 

165 

54.5 

79 



166 

143 

122 

85 

75 


0.79 

0.04 


0.83 

38 

49 

M 

178 

90.5 

78 



115 

84 

72 

71 

76 


0.47 

0.09 


0.56 

39 j 

39 

F 

160 

74.5 

90 



163 

120 

110 

85 

77 


0.92 

0.07 


0.99 

40 

21 

F 

160 

55.5 

99 



215 


151 

85 

74 


pooled 


1.48 

41 1 

46 

F 

168 

76.5 

85 



149 

109 

84 

68 

67 






42 

49 

F 

165 

84.0 

92 



133 

117 

97 

86 

89 


0.64 

0 


0.64 

43 

24 

F 

157 

53.0 

85 



126 

94 

86 

82 

85 


1.13 

0 


1.13 

44 

42 

M 

183 

78.5 

95 



163 

150 

117 

77 

71 






45 

49 

M 

185 

82.0 

93 



106 

88 

71 

70 

85 


0.68 

0 


0.68 

46 

39 

M 

163 

60.5 

82 



152 

131 

112 

67 

66 


pooled 


1.16 
a on 

47 

23 

M 

170 

68.0 

89 



108 

77 

76 

85 

86 


1.29 

0 


1.29 

48 

48 

M 

157 

71.0 

■ESI 



162 

115 

93 

78 

78 


1.39 

0 


1.39 

49 

24 

M 

175 

63.5 

84 



79 

68 

71 

81 

84 


0.58 

0 


0.58 

50 

59 

M 

185 


88 



136 

105 

105 

84 

75 


0.90 

0 ! 


0.90 

51 

58 

M 

170 

73.5 

82 





127 

96 

82 

81 

0.27 

0 

0 

0.27 

52 

40 

M 

170 

54.5 

mui 





114 

82 

72 

79 

1.68 

0 

0 

1.68 

53 

50 

M 

163 

78.5 

72 





115 

93 

74 

67 

1.05 

0.10 

0.07 

1.22 

A *7 1 

54 

52 

M 

165 

77.5 

100 





131 

96 

75 

76 

0.71 

0 

0 

0.71 

A 1 A 

55 

43 

M 

165 


87 



168 


120 

89 

77 

72 

0.30 

0 

0 

0.30 

A C 1 

56 

44 

M 

165 

71.5 

85 



136 


78 

75 

81 

81 

0.51 

0 

0 

0.51 

57 

52 

M 

170 

■ETgl 

85 





80 

75 

78 

81 




n rvj 

58 

44 

M 

175 

HSjnfl 

96 





116 

79 

75 

76 

0.93 

0 

0 

o.yd 

i en 

59 

26 

M 

168 

KM 

108 





111 

86 

84 

71 

1.50 

0 

0 

1.30 

60 

56 

M 

168 


88 





94 

76 

67 

71 

1.21 

0.36 

0.08 

1.65 































INTRAVENOUS GLUCOSE TOLERANCE 


509 



Fig. 1. Results of Intravenous Glucose Tolerance Tests on Sixty Normal Subjects 
Upper and lower light solid lines indicate maxima and minima, respectively. Heavy solid line connects arith- 
metical means. 


jection of glucose. The extent of this hypo- 
glycemic response could not be correlated with the 
fasting blood sugar. Hypoglycemia was as apt to 
appear promptly in individuals with high initial 
blood sugar concentrations as in those with low 
initial concentrations. Indeed the initial blood 
sugar could not be correlated with any character- 
istic of the curve. 

For statistical purposes the standard deviation 
of the mean at each point was computed by the 
formula, 


2d 2 representing the sum of the squares of the in- 
dividual deviations and N the number of observa- 
tions at each point. The mean, the standard 


deviation of the mean, and the maximum and 
minimum values at each point are presented in 
Table II. The standard deviation is comparatively 

table n 


Analysis of glucose tolerance tests on sixty normal subjects 


Minutes 

after 

injection 

Number 

of 

subjects 

Mgm. glucose per 100 ml. blood 

! 

Maximum 

Minimum 

Arithmet- 
ical mean 

Standard 

deviation 

0 

60 

117 

72 

89.0 

9.1 

5 

15 

328 

206 

272.0 

30.7 

IS 

15 

234 

144 

193.3 

24.3 

30 

52 

215 

74 

138.7 

31.8 

45 

43 

165 

53 

105.6 

26.7 

60 

60 

151 

58 

97.1 

23.5 

90 

45 

107 

57 

82.7 

11.5 

120 

60 

90 

65 

78.8 

7.2 

180 

10 

81 

67 

75.5 

5.0 





510 


E. L. LOZNER, A. W. WINKLER, F. H. L. TAYLOR, AND J. P. PETERS 


large at the earlier points but becomes progres- 
sively smaller, so that by two hours it has become 
less than it was at the initial observation. The 
still lower standard deviation at three hours has 
less significance since data from only ten subjects 
are available. 

Glycosuria, which was absent in only one sub- 
ject, was usually confined to the first hour, but in 
three of the subjects it continued during the second 
hour as well. The maximum amount excreted by 
any normal subject was 2.25 grams, less than 10 
per cent of the amount injected. 

The justification of the use of a fixed dose of 
25 grams, rather than a dose adjusted to the size 
of the subject, appears from an examination of 


Table I. The subjects ranged in weight from 45 
to 105 kilograms, in age from 21 to 74 years, and 
in height from 152 to 188 centimeters. About one 
quarter of the subjects were females. Neverthe- 
less, in spite of this variation in the physical char- 
acteristics of the subjects, no correlation between 
the results of the tolerance test and sex, age, height 
or weight could be demonstrated.'' Adjustment of 
the dose to weight or height, therefore, is without 
logical basis. 

( B ) Analysis of results in 271 patients 

The curves of patients resembled in general 
characteristics those of normal subjects. Not in- 
frequently the blood sugar fell more slowly than 


TABLE in 

Analysis of blood glucose levels at 120 minutes after intravenous injection of 25 grams of glucose in 271 patients 


Clinical diagnosis 

Number 


Distribution 


of 

cases 

Normal 

Moderately 

elevated 

Markedly 

elevated 

Moderately 

depressed 



65-99 mgm. 
per 100 ml. 

100-119 mgm 
per 100 ml. 

. 120-281 mgm 
per 100 ml. 

. 38-64 mgm. 
per 100 ml. 

Tests done because of glycosuria 



(a) Definite diabetes mellitus 

19 

3 

6 

10 

0 

(i b ) Probable diabetes mellitus 

14 

1 

1 

12 

0 

(c) Possible diabetes mellitus 

8 

2 

2 

4 

0 

(d) No evidence of diabetes mellitus . 

78 

67 

6 

3 

2 

Tests done because of pituitary disease 





0 

(a) Acromegaly (without glycosuria) 

6 

4 

2 

0 

(b) Verified chromophobe adenoma 

3 

3 

0 

0 

0 

(c) Unverified chromophobe adenoma 

2 

2 

0 

0 

0 

(d) Typical basophilism 

7 

5 

2 

0 

0 

(e) Atypical basophilism (obesity, hirsutism) 

Tests done because of other endocrine diseases 

29 

27 

2 

0 

0 

(a) Typical hyperthyroidism 

4 

3 

1 

0 

0 

(b) Atypical hyperthyroidism 

(c) Addison's disease 

3 

2 

1 

0 

0 

1 

1 

0 

0 

0 

(d) Myxedema 

1 

1 

0 

0 

0 

Tests done for suspicion of hypoglycemia 




0 

1 

(a) Verified islet cell adenoma of pancreas 

2 

1 

0 

(b) Unverified islet cell adenoma of pancreas 

1 

1 

0 

! 0 

0 

(c) Idiopathic epilepsy 

16 

14 

0 

1 0 

2 

0 

1 

(d) Convulsions without true epilepsy 

3 

3 

0 

0 

(e) Syncope with vasomotor disturbances 

16 

13 

2 

0 

( r J ) Syncope without vasomotor disturbances 

18 

18 

0 

0 

1 0 

Tests done because of pancreatic disease 



0 

0 

n 

(a) Steatorrhea 

3 

1 

l 

0 

0 

1 

0 

1 

0 

0 

0 

(b) Acute and chronic pancreatitis 

Miscellaneous tests 

3 

2 

1 

0 

(a) Anorexia nervosa and marked malnutrition 

5 

2 

1 

2 

( b ) Verified brain tumor 

4 

3 

0 

0 

(c) Unverified brain tumor 

4 

3 

1 

0 

(d) Liver disease 


3 

3 

0 

(e) Arthritis 


3 

2 

0 

(/) Various specific diseases 


4 

1 

0 

(g) No organic disease. 


4 

0 

0 

Totals 

271 

196 

34 

31 

10 
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TABLE IV 


Analysis of blood glucose levels 120 minutes after intravenous injection of 25 grams of glucose in 119 patients with 
glycosuria i with respect to criteria for diagnosis of diabetes mellitus 



Number 


Distribution 


Evidence for diagnosis of diabetes mellitus 

of 

cases 

Normal 

Moderately 

elevated 

Markedly 

elevated 

Moderately 

depressed 

Definite evidence (19 Cases) 

(a) History of treatment with insulin in amounts greater 
than 30 units per day, usually associated with 
marked hyperglycemia 

14 

65-99 mgm. 
Per tOO ml. 

2 

100-119 mgm. 
per 100 ml. 

1 

5 

120-281 mgm. 
Per 100 ml. 

i 

7 

88-64 mgm . 
per 100 ml. 

0 

(b) History of fasting hyperglycemia greater than 200 
mgm. per 100 ml.. 

5 

1 

1 

3 

0 

Probable evidence (15 Cases) 

(a) History of fasting hyperglycemia between 150 and 199 
# mgm. per 100 ml 

12 

1 

2 

9 

0 

(b) History of fasting hyperglycemia between 120 and 149 
mgm. per 100 ml. together with glycosuria, polyuria 
and polydipsia 

3 

0 

0 

3 

0 

Possible evidence (7 Cases) 

(a) History of glycosuria, polyuria and polydipsia without 
history of fasting hyperglycemia 

2 

0 

1 

1 

0 

(b) History of fasting hyperglycemia between 120 and 149 
mgm. per 100 ml. without symptoms 

5 

2 

0 

3 

0 

No evidence other than glycosuria 

78 

67 

6 

3 

1 

2 

Grand totals 

119 

73 

15 

29 

2 


did that of normal subjects; only rarely did it fall 
more rapidly. Deviations from normal were most 
evident at the two-hour point, since here the range 
of normal variation was so small. In statistical 
phraseology, the standard deviation of the mean 
reached its minimum significant value at this point 
(Table II). Any individual value differing from 
the mean normal value by an amount greater than 
three times the standard deviation of this mean 
was considered outside the normal range. In any 
series having a normal frequency distribution, only 
one in a hundred of the individual values will dif- 
fer from the arithmetical mean by an amount ex- 
ceeding three times the standard deviation. 

The patients were therefore divided into four 
groups on the basis of the blood sugar concentra- 
tion two hours after the injection of glucose. 
These are: ( a ) a group with blood glucose con- 
centrations within the normal range, from 65 to 
99 mgm. per 100 ml.; {b) a group with moderate 
elevation of the blood sugar, ranging between 100 
and 119 mgm. per 100 ml.; (c) a group with 
markedly elevated blood sugar values, ranging be- 
tween 120 and 281 mgm. per 100 ml.; and ( d ) a 
group with blood glucose below the lowest con- 


centration in the normal group, i.e., less than 65 
mgm. per 100 ml. Values in group (a) differed 
from the normal mean by less than three times its 
standard deviation; those in group ( b ) by more 
than three but less than six times; and those in 
( c ) by more than six times. Of the 271 patients, 
196 fell into class (a), thirty-four into class ( b ), 
thirty-one into class (c) and ten into class (d). 
After the patients had been divided into these four 
groups on the basis of the glucose tolerance test 
alone, their clinical records were consulted. Diag- 
noses were then assigned to each patient, using all 
available clinical and pathological criteria except 
the results of the glucose tolerance test itself. The 
results of this analysis are presented in Table III. 
The group of patients in whom the test was car- 
ried out because of glycosuria was further analyzed 
with respect to criteria used in making or exclud- 
ing the diagnosis of diabetes mellitus. The results 
are presented in Table IV. The small proportion 
of cases with outright diabetes is due to the fact 
that the test was usually not done in such cases. 
Borderline cases form an unusually high percent- 
age of the entire group, since such cases were de- 
liberately selected. Had the tests been done rou- 
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tinely on all glycosuric patients, a very much larger 
proportion of cases with clear-cut diabetes would 
have been included. 

DISCUSSION 

The type of test used in this study is similar to 
the usual type of oral test, in that its interpretation 
depends upon the concentration of sugar in the 
blood after considerable excretion, storage and 
combustion of carbohydrate have taken place. 
Jorgensen (10) and others (11) have used in- 
travenous glucose tolerance tests similar in prin- 
ciple to this one. McKean, Myers and Von der 
Heide (12) relied solely on changes in the blood 
sugar during the first hour or so after injection, 
and emphasized particularly the changes during 
the first quarter hour. Their own data reveal a 
marked variability in the first hour; during this 
period numerous changes in distribution and ex- 
cretion take place which have little relationship to 
the utilization of glucose. It appears that at least 
an hour must pass before a true picture develops 
of the manner in which the individual handles a 
test dose of glucose. 

There is little need to explain the advantages of 


the intravenous glucose tolerance test over the 
oral variety. The remarkably small normal varia- 
tion of the blood sugar two hours after the injec- 
tion of glucose indicates the desirability of elimi- 
nating gastro-intestinal factors, since no compar- 
able point of equal constancy can be found after 
oral administration (13). This point is strikingly 
brought out by results obtained in a patient with 
steatorrhea who was subjected to both an oral 
and to an intravenous test. The two curves are 
shown in Figure 2. The blood sugar remained 
nearly constant during the two hours after the oral 
ingestion of 50 grams of glucose, while it rose and 
fell normally following the intravenous injection 
of 25 grams. The discrepancy can most reason- 
ably be attributed to defective or delayed absorp- 
tion of glucose in the oral test, rather than to any 
incapacity to deal with the glucose after reabsorp- 
tion. 

A variety of disturbing factors produce large 
standard deviations of the mean at all points dur- 
ing the first hour (Table II), so that during this 
period it is difficult to be sure whether or not a 
given curve is abnormal. Certainly in no case does 
the “ rapid fall ” observed in some patients exceed 



Fig. 2. Comparison of Oral and Intravenous Glucose Tolerance Tests on 
a Patient With Idiopathic Steatorrhea 
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the rate of fall of the blood sugar in some normal 
individuals. On the other hand, if sufficient time 
be allowed, the blood sugar will normally return to 
a very restricted range, and deviations from nor- 
mal are easily demonstrated. The data presented 
here indicate that the value of the blood sugar two 
hours after injection is the most satisfactory index 
for differentiating between normal and abnormal 
curves. 

Before proceeding to a discussion of Tables III 
and IV the term “ diabetes mellitus ” must be ac- 
curately defined. This term is in fact used in two 
senses: ( 1 ) as a disorder of metabolism; and (2) 
as a disease entity. In the first sense the term 
“ diabetes ” is applied to any and all subjects whose 
maximum attainable rate of carbohydrate combus- 
tion is less than normal. The intravenous glucose 
tolerance test is almost by definition diagnostic for 
“ diabetes ” in this sense, since, in general, failure 
of the blood sugar to fall at its usual rate means 
some retardation of combustion. Consequently, 
all patients with elevation of the blood sugar two 
hours after injection of glucose presumably have 
diabetes in this functional sense of the word. 
From the clinical standpoint, however, the second 
definition of diabetes, i.e., diabetes as a disease 
entity, is of greater importance. Anyone with 
hyperglycemia, with or without glycosuria, who on 
the basis of past clinical experience may sometime 
develop certain characteristic clinical manifesta- 
tions, suffers from the disease “ diabetes mellitus 
These manifestations include polyuria and poly- 
dipsia associated with malnutrition and, under 
some circumstances, ketosis and coma. These dis- 
turbances disappear under appropriate therapy. 
Many individuals potentially liable to the develop- 
ment of these difficulties may not actually suffer 
from them for long periods of time, if ever. A 
clinical diagnosis of diabetes not depending on a 
glucose tolerance test can be made in such persons 
in only two ways. First, there may be a history of 
clinical manifestations of diabetes in the past. 
Second, the individual, though symptom-free, may 
have hyperglycemia of so pronounced a degree 
that, on the basis of past experience, he is po- 
tentially liable to develop diabetic symptoms. 
The diagnosis of diabetes in this series was based 
on one of these two kinds of evidence independ- 
ently of the glucose tolerance test itself. In order 


to avoid a circular argument in correlating the re- 
sults of the intravenous test with the diagnosis, 
the test itself was never used to derive the diag- 
noses in the left-hand columns of Tables III and 
IV. 

From Tables III and IV it is clear that twenty- 
six out of thirty-one, or 84 per cent, of the pa- 
tients with markedly elevated blood sugar levels 
after two hours had some independent evidence of 
the disease " diabetes mellitus Of the remaining 
five patients, two had anorexia nervosa associated 
with extreme malnutrition, leaving only three with 
no evidence of disturbed carbohydrate metabolism 
other than the glycosuria. The analysis of Table 
IV indicates that the evidence for diabetes mellitus 
was somewhat uncertain in only four of twenty- 
six classified in Table III as having diabetes mel- 
litus ; in the remainder the evidence was un- 
equivocal. The disturbed carbohydrate metabo- 
lism in the two individuals with anorexia nervosa 
and marked malnutrition was presumably asso- 
ciated with starvation (14). Obviously, these pa- 
tients had “ diabetes ” in the functional sense of 
the term, but did not have the disease "diabetes 
mellitus The importance of the definitional dis- 
tinction made above is here apparent. 

Of the 119 patients in whom the tests were done 
because of glycosuria, seventy-three had normal 
sugar tolerance curves (Table IV). Of these 
seventy-three patients, sixty-seven, or 92 per cent, 
had no evidence of diabetes mellitus. On the 
other hand, only ten of the nineteen patients 
with the most definite evidence of diabetes had 
markedly elevated sugar tolerance curves. The 
reason for this apparent anomaly can be found in 
the mode of selection of the cases, since the test 
was only rarely performed in clear-cut cases of 
diabetes. The nine patients without markedly 
elevated curves included the cases of so-called 
" acute 99 or “ cured ” diabetes. Evidence of dia- 
betes was non-existent at the time the tests were 
performed, but had been unmistakable at an earlier 
date. A more detailed clinical account of these pa- 
tients will be presented elsewhere. The tests were 
performed because at the time there was no avail- 
able collateral evidence of diabetes. Only nine of 
the seventy-eight patients with no evidence of dia- 
betes other than glycosuria had cither moderately 
or markedly elevated curves. This group of nine * 
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is especially interesting, since only the future can 
decide whether these patients will develop the dis- 
ease “ diabetes mellitus ” . In spite of these border- 
line cases, the conclusion is justified that a delayed 
fall in the blood sugar is correlated with an inde- 
pendent clinical diagnosis of the disease “ diabetes 
mellitus ” in about 90 per cent of the cases. The 
percentage would have been much higher had 
fewer dubious cases been included; as the figures 
stand, the odds are at least ten to one that a pa- 
tient with a markedly elevated curve has diabetes 
mellitus. Conversely, the odds are ten to one that 
the patient does not have diabetes if the blood 
sugar falls to normal within two hours. In the 
present state of knowledge, moderately elevated 
curves are of little diagnostic value. 

No markedly elevated curves were encountered 
in patients with conditions other than diabetes or 
suspected diabetes (Table III). Moderately ele- 
vated curves are found not infrequently in such 
diverse states as acromegaly, basophilism, hyper- 
thyroidism, syncope, pancreatic disease, brain tu- 
mor, anorexia nervosa, liver disease and arthritis. 
In all these conditions occasional abnormalities of 
carbohydrate metabolism have previously been re- 
ported, usually on the basis of oral tests (1, 2). 
In acromegaly this impairment may be so severe 
as to produce the disease “ diabetes mellitus ” 
(15) ; the one case of this type in Table III is 
listed among the diabetics. In liver disease there 
may be a limitation of capacity to metabolize 
glycogen, which in turn may affect the glucose 
tolerance test ( 16) . The occasional presence of a 
moderately elevated curve is, however, of little 
diagnostic value in these conditions, since at least 
an equal number of persons within each disease 
group have normal curves. 

The value of this type of intravenous glucose 
tolerance test in the detection of pathological hypo- 
glycemia is not great. This is in accord with the 
experience of Wilder (17) and others. In almost 
all the normal subjects the blood sugar fell below 
its fasting level within two hours after the injec- 
tion of glucose, and in this sense some measure of 
hypoglycemia is physiological. The blood sugar, 
however, never fell low enough to be associated 
with symptoms. In the present series the test was 
carried out on fifty-six subjects suspected of hypo- 
glycemia because of their symptoms. Four of 


these had hypoglycemia at the end of two hours, 
including one case with true islet cell adenoma. 
On the other hand, the two remaining patients 
with islet cell adenomata (one unverified) had en- 
tirely normal curves. Furthermore, definite de- 
pression of the blood sugar at two hours was 
found in six patients not suspected of hypo- 
glycemia, including two subjects with glycosuria 
and suspected diabetes, two with steatorrhea, one 
with brain tumor and one with liver disease. In 
these subjects no symptoms were associated with 
the hypoglycemia induced by the test. 

Obviously, a test which is normal in two out of 
three cases of islet cell tumor of the pancreas is of 
little value in this diagnosis. This is consistent 
with the results obtained in this condition with the 
three-hour oral glucose tolerance test, for normal, 
delayed and accelerated curves have been reported, 
depending on the previous nutritional state (14). 
All three cases of islet cell tumor, however, de- 
veloped marked hypoglycemia with severe symp- 
toms when the period following the ingestion of 
glucose was prolonged for several hours. It there- 
fore seems logical to apply a modified test if evi- 
dence of this diagnosis is sought. The modifica- 
tion would omit samples prior to the two-hour 
point; hourly samples would then be obtained for 
at least five hours following the injection, or until 
the appearance of symptoms. Wilder (17) recom- 
mends even longer periods of fasting. 

The value of the present test in the diagnosis of 
hypoglycemia not due to islet cell tumor, but asso- 
ciated with symptoms, is also doubtful. In the 
first place, a positive result is obtained in a variety 
of disorders in which there are no symptoms of 
hypoglycemia. Secondly, a negative result has 
little meaning, since normal curves may be found 
in cases having true islet cell adenomata. The 
rarity in this series of hypoglycemia exceeding the 
normal range suggests either that the condition is 
rare, or that this is not the proper way to demon- 
strate it. The prolonged test suggested above 
might logically be substituted for the two-hour 
test whenever hypoglycemia from any cause is 
suspected. 

The intravenous glucose tolerance test, of 
course, requires an operator with some skill in 
intravenous technique. Occasionally, local irrita- 
tion along the vein follows the injection of con- 
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centrated glucose. These technical difficulties are, 
however, slight, and the advantage derived from 
an exact knowledge of the amount of glucose to be 
metabolized is considerable. Perhaps much of the 
controversy concerning the tolerance for carbo- 
hydrate in specific diseases would be resolved if an 
intravenous test such as is here described were 
more universally adopted. 

SUMMARY AND CONCLUSIONS 

1. An intravenous glucose tolerance test is de- 
scribed and normal standards are defined. 

2. A single blood sugar drawn two hours after 
the intravenous injection of 25 grams of glucose 
is a reliable guide in distinguishing between benign 
glycosuria and diabetes mellitus. If the blood 
sugar is greater than 120 mgm. per 100 ml., the 
patient probably has diabetes mellitus, while if it is 
less than 100 mgm. per 100 ml., he probably does 
not. If it falls between 100 and 120 mgm. per 
100 ml, the test is indeterminate. 

3. In this series the only condition among pa- 
tients without glycosuria in which the blood sugar 
after two hours exceeded 120 mgm. per 100 ml. 
was anorexia nervosa with marked malnutrition. 
The blood sugar fell between 100 and 120 mgm. 
per 100 ml. in a variety of conditions, including 
acromegaly, basophilism, hyperthyroidism and ar- 
thritis. Little diagnostic value could be assigned 
to the test in these states, since blood sugar values 
less than 100 mgm. per cent were equally common 
in each group. 

4. Hypoglycemia of moderate degree, unasso- 
ciated with symptoms, appeared in the majority of 
normal subjects. The blood sugar was normal in 
subjects with islet cell adenomata and subnormal 
m subjects without symptomatic or other evidence 
of endocrine disease. The two-hour blood sugar 
is therefore of little value in the diagnosis of 
pathological hypoglycemia. 

The technical assistance of Nancy Marean de Fritsch, 
A.B., is gratefully acknowledged. 
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In the hyperthyroicl state, the various compen- 
satory mechanisms ordinarily initiated by exer- 
cise may be modified by certain factors. Of in- 
terest in this respect is the finding that the resting 
cardiac output (1) and rate of peripheral blood 
flow to at least the forearm (2) and leg (3) are 
markedly augmented, thus suggesting that an 
increased amount of blood is necessary merely in 
maintaining the vegetative processes. Further- 
more, since hyperthyroid patients require nearly 
twice as many calories as normal subjects to do 
a definite amount of exercise, the probability 
exists that they are inefficient in the performance 
of work (4). 

In the present investigation, it was considered 
of interest to study the local circulatory response 
to exercise in hyperthyroidism, in order that some 
information might be gained as to the adequacy 
of the adaptive mechanisms in this state. For 
this purpose the venous occlusion plethysmo- 
graphic method was utilized, since it afforded an 
opportunity of determining the changes in a small 
group of muscles. 

METHOD 

The study was conducted upon the forearm of 5 pa- 
tients before and after subtotal thyroidectomy, the tech- 
nique used in making the blood flow determinations being 
identical in all respects to that previously described (5). 
After 10 to 20 control readings had been obtained, the 
subject was required to perform a specified amount of 
^ork. This was accomplished by raising the pressure in 
a 5-gallon air-filled bottle to a definite level by means of 
ipsilateral manual compression of an ordinary sphygmo- 
manometer bulb. The number of times the bulb was 
compressed, the period of exercise, and the height to 
which the pressure in the bottle was elevated were kept 
as constant as possible in all experiments performed on 
any one subject. Since the muscles utilized in this act 
were for the most part limited to the forearm encased in 
the plethysmograph, the changes in the blood flow read- 
ings could therefore be considered to represent the local 
circulatory reaction to the work. 

Immediately upon completion of the task, forearm 


blood flow determinations were obtained at 10-secdnd in- 
tervals during the first 3 minutes, and thereafter at one- 
half minute periods until the blood flow returned to the 
previous resting level. In each instance, a graph was 
constructed from these figures, and by means of a planim- 
eter the number of cc. of excess blood flow, over and 
beyond the previously determined average resting level, 
was calculated (Figure 1). 

RESULTS 

With one exception (L. M.), the number of cc. 
of excess local blood flow elicited by a period of 
work was definitely greater during the hyper- 
thyroid state than after partial thyroidectomy 
(Table I). A correlation was readily apparent 
between the magnitude of the repayment and the 
level of basal metabolism (Figure 1). Similarly, 
the duration of the increased blood flow and the 
height of the single maximal response were sig- 
nificantly less following thyroidectomy (Table I). 
In the case of L. M., the reading which was not 
in agreement with the rest of the series was ob- 
tained S3 days postoperatively, at a time when 
signs suggestive of early hypothyroidism were 
present. In respect to the group as a whole, no 
definite relationship existed between the magni- 
tude or duration of the blood flow repayment fol- 
lowing exercise and the level of the resting blood 
flow at the time of the test (Table I, subjects 
J. L. and E. M.). 

DISCUSSION 

Since it was impossible to obtain accurate blood 
flow readings during the actual performance of 
exercise, the rate of blood flow in the period im- 
mediately following was studied instead. The 
rationale for this procedure is based on the as- 
sumption that, if the augmented circulation pres- 
ent during work is insufficient to meet entirely 
the increased demands of the tissues, a blood flow 
debt must be incurred ; this, in turn, being repaid 
in the subsequent period of rest. The magnitude 
of the blood flow repayment would thus serve as 
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an index of the circulatory response during the 
exercise. On such a basis, the foregoing results 
lend themselves to certain interpretations. 

The finding of a much larger blood flow repay- 
ment in the hyperthyroid state than in the period 
following operation implies either that the com- 
pensatory mechanisms present during exercise are 
inadequate, that the blood flow requirement per 
unit of work is much greater than normal, or 
that both of these factors are operating. The 
fact that the cardiovascular system in the resting 
hyperthyroid patient is already functioning at a 
greater level of effort, analogous to that of a com- 
pensated heart with diminished reserve, suggests 
that the increased post-exercise response is due 


at least in part to inadequate adaptive mechanisms. 
Further, the finding that a definite relationship 
exists between the rate of metabolism and the 
magnitude of the blood flow repayment implies 
that the muscles of hyperthyroid patients require 
a greater than normal quantity of oxygen and 
food-stuffs in the performance of a specified 
amount of work. In other words, the local blood 
flow demands in exercise appear to be related to 
the metabolic level of the organism as a whole. 

It would seem, therefore, that exercise places a 
severe load upon the circulation in hyperthy- 
roidism, since a greater than normal blood flow 
requirement must be satisfied by a cardiovascular 
system already geared to a higher level of effort 



Fig. 1. Blood Flow Response in Forearm to a Specified Amount of Exercise 

Subject E. M. (Table I) 

A. 5 days before operation. Estimated basal level in period immediately following 
exercise, 4.5 cc. per minute per 100 cc. limb volume (equivalent to resting control blood 
flow before exercise). Excess blood flow elicited by the work, 89.6 cc. per 100 cc. 
limb volume. B. 4 days postoperatively. Estimated basal level, 3.3 cc. Excess blood 
flow, 48.9 cc. C. 28 days postoperatively. Estimated basal level, 1.3 cc. Excess blood 
flow, 20.9 cc. 




EXERCISE IK HYPERTHYROIDISM 


519 


TABLE I 


Blood flow response to exercise in the forearm 


Subject 

Relationship to operation 

Exercise* 

i 

Control flow 

Repayment! 

Maximum 

single 

response 

to 

exercise 

Time of 
maximum 
response 

Total dura- 
tion of 
response 

Basal 

metabolic 

rate* 

J. L. 

days 

2 preoperative 

mm. Be 

70 

4.2 

55.7 i 

13.5 

seconds 

45 

minutes 

16 

4-24 


10 postoperative 

70 

4.1 

26.0 j 

8.6 

30 

14.5 

4-12 

M. B. 

12 preoperative 

40 

3.6 

33.0 j 

10.7 

30 

19 

4-50 


35 postoperative 

40 

1.2 

18.0 

6.9 

10 

10 

0 

E. M. 

5 preoperative 

45 

4.5 

89.6 

15.1 

mm 

19 

4-40 


4 postoperative 

45 

3.3 

48.9 

16.3 

■ps 

13 

+20 


28 postoperative 

45 

1.3 

! 20.9 

8.2 

mm 

10 

+ 5 

j.p. 

1 preoperative 

60 

5.3 

I 42.7 

11.8 

40 

mum 

4-44 


4 postoperative 

60 

2.5 

22.6 

1 . 

8.3 

10 

EH 

4-15 

L. M. 

7 preoperative 

50 

5.8 

! 42.7 

13.1 

100 

15 

4-44 


8 postoperative 

50 

4.2 

! 35.4 

10.5 

60 

15 

4-23 


53 postoperative 

SO 

1.2 

41.9 

8.2 

25 

10 

— 13 


* Height of pressure in 5-gallon bottle. 

t Total number cc. excess blood flow per 100 cc. limb volume elicited by exercise. 
Blood flow figures expressed in cc. per minute per 100 cc. limb volume. 


during rest. In view of this, the fact that the 
hyperthyroid state is commonly associated with 
the symptoms of muscular weakness and fatiga- 
bility is readily understandable. 

SUMMARY AND CONCLUSIONS 

1. The post-exercise blood flow repayment was 
generally found to be much greater in the hyper- 
thyroid state than in the period following subtotal 
thyroidectomy, 

2. A correlation was apparent between the level 
of oxygen consumption and the magnitude of the 
excess blood flow elicited by the exercise. 

3. Exercise places a much greater load upon 
the circulation in hyperthyroidism than in the 
normal state. 
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When a subject’s hand is immersed in cold 
water two phenomena are known to occur. The 
subject experiences pain and an elevation of blood 
pressure. The latter phenomenon has been used 
as the basis for the Hines-Brown “ cold pressor ” 
test (1). The occurrence of pain has received 
little attention, and is alluded to only incidentally 
in the articles on the “ cold pressor ” test. Pain, 
however, has been suspected of being concerned in 
the production of the hypertension (2). In the 
present work on pain due to local cooling, we 
have found direct correlation between the degree 
of cooling, the intensity of pain induced by the 
cold, and the height to which the blood pressure 
rises. 

Lewis (3), in an analysis of the vascular reac- 
tion to cold, noted that in fingers immersed in 
cold water from 0° C. to 18° C. a painful aching 
occurred “ soon ” after immersion. No attempt 
was made to study the nature of the pain. The 
burning pain produced on the skin of the arm by 
a dry ice stimulator has been studied (4). The 
pain was shown to be adaptable and, contrary to 
Goldscheider’s theory that pain is an exaggerated 
pressure sensation, it was shown to be a separate 
sensory function. The mechanism of production 
of the pain, however, was not investigated. 

The aim of this communication is to report on 
a study of the phenomenon of pain due to local 
cooling, which, for convenience, we call “ cold 
pain ”, The pain is conveniently produced and, 
owing to its predictable character, lends itself to 
analysis. 

METHOD 

The subject was placed in a reclining position on a 
cot beside an earthenware crock holding 20 liters of 
water which was stirred vigorously by a propeller at- 
tached to a small motor. Because of the large volume, 
the bath could be maintained at constant temperature for 
the duration of an experimental observation without the 


aid of a thermostatic device. The left hand of the sub- 
ject was plunged into the water up to the wrist. The 
time of onset of pain was recorded and an attempt was 
made to estimate the intensity of pain being suffered at 
a given moment. 

While these observations were being made, the blood 
pressure in the opposite arm was estimated by means of 
a mercury sphygmomanometer at as frequent intervals as 
possible. The skin temperature of the immersed hand 
was determined continuously by the use of a copper and 
constantan thermocouple fixed to the pad of the terminal 
phalanx of the middle finger. The amplitude of pulsa- 
tions of the digital artery was also recorded by using a 
small glass plethysmograph fitted to the index finger of 
the immersed hand. The plethysmograph was connected 
by an air system to a tambour on which was mounted a 
small mirror. Movements of the latter were recorded on 
a camera by reflecting a beam of light on the moving 
film. Extraneous factors which are known to influence 
the amplitude of pulsation of the digital artery (5 to 13) 
were all carefully controlled. 

The results of a series of 54 experiments which pro- 
vide 121 observations are reported. The observations 
were made mainly by the authors upon one another, since 
uninterested subjects could scarcely be called upon to 
undergo the necessary amount of physical discomfort. 

OBSERVATIONS 

I. Sensations induced by local cooling 

A. Deep aching pain and its “ adaptation 
Immersing the hand in water warmer than 18° C. 
caused no pain, but at 18° C., and slightly below, 
there was a fleeting % deep ache which occurred 
after the hand had been immersed about 60 sec- 
onds, and then promptly ceased. At progressively 
lower temperatures the pain had its onset sooner 
and was more intense, always reaching its maxi- 
mum at about 1 minute. It then began to subside, 
and in 4 to 5 minutes was no longer perceived. 
The character of the pain was aching; there was 
a feeling as if the hand had been crushed. The 
distribution was generalized and deep throughout 
the immersed hand, and the pain was perhaps 
most intense on the radial side. It was continu- 
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ous and non-pulsatile. Exercise of the fingers or 3 -j-,' however, there occurred a radiation of the 
movement of the hand did not influence the char- ache up the inner aspect of the arm. At 4 -f 
acter or intensity of the pain. There was no pain was felt in the axilla. At this intensity the 
tenderness in the hand since it could be struck subjects usually showed a reaction to the stimulus 

against the side of the bath without altering the characterized by rapid irregular respirations, as 

sensation of pain. Sixty seconds after immersion well as by adventitious movements of the feet, 

the peak of pain intensity was reached. This was At 5 -f- the restlessness was replaced by writhing 

followed by amelioration, and finally cessation of movements and the subject’s face betrayed suf- 

the pain. The disappearance of pain while the fering. From 6 -J- to 8 -j- the pain provoked 

hand is still immersed in the water we have called perspiration and approached the unbearable level. 

“ adaptation ”. During the first minute after immersing the hand 

A barely perceptible painful sensation experi- in cold water it was quite clear that the pain was 

enced as a deep ache in the immersed hand was becoming more and more severe. Each time a 

designated as threshold pain. Additional incre- definite increase in pain intensity was felt the 

ments in pain intensity were indicated in terms subject called out an additional plus. Similarly, 

of pulses, 8 + being used for the pain of greatest as adaptation occurred after one minute and the 

intensity experienced. The distribution of pain pain was clearly becoming less intense, the subject 

as high as 2 -j- was confined to the hand. At called out one less plus at each perceptible de- 
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Fig. 1. The Course of the Estimated Intensity of Pain and "Pins and Needles” Sen- 
sat on Experienced With Various Strengths of Cold Stimulus 
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20° 15 10 5 0 ~2°C. 

TEMPERATURE OF WATER 

Fig. 2a. The Estimated Peak of Pain Intensity Plotted Against the 
Strength of the Cold Stimulus 

crease in pain intensity. The values thus estab- of interest that the line points directly at 18° C. 

lished were roughly reproducible at any time. A which, as noted above, was found to be the high- 

subject immersing his hand in water of unknown est temperature at which this variety of pain oc- 

temperature consistently called out the same nutn- curs. In Figure 2b the total area under the pain 

ber of pluses as had been previously assigned to curves at various temperatures is plotted against 

that particular temperature. Therefore, although the temperature of the bath. The total amount of 

not precise, this method has proved useful here pain experienced also increases uniformly with 

as in other studies of sensation (14, 15). Figure the strength of stimulus. 

1 shows the course of estimated pain intensity in B . “Pins and Needles” sensation. The sensa- 

the hand immersed in water at different tempera- tion of u pins and needles ” occurred only in water 

tures. Figure 2a shows maximal pain intensity colder than 12° C. The sensation was felt in the 

plotted against water temperature. It is apparent entire immersed hand from 60 to 90 seconds after 

that pain intensity as estimated increases uni- immersion. This sensation, occurring shortly 

formly with the strength of stimulus measured in after the peak of the aching pain, steadily in- 
terms of temperature of the water bath. It is also creased in intensity as the pain decreased. The 

AREA BENEATH 
PAIN CURVE 
sa UNITS 


o 



TEMPERATURE OF WATER 

Fig. 2b. The Total Area Beneath the Curves of Pain Intensity in Figure 1 
Plotted Against Strength of Cold Stimulus 
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lower the bath temperature, the more intense was 
the prickling. Like pain, this sensation ran a 
cycle of aggravation and then adaptation, until at 
the end of 8 to 10 minutes the immersed hand felt 
only the cold of the water (Figure 1). The sen- 
sation of touch and of pain to pin prick, however, 
as well as motor power in the fingers, remained 
intact. This “ pins and needles ” sensation, when 
intense, caused a great deal of discomfort to the 
subject. At — 2° C., although the aching pain 
had been tolerated well past its peak of severity, 
the subject was forced to withdraw his hand ow- 
ing to the suffering imposed by the growing in- 
tensity of the “ pins and needles ” sensation. 


C. ” Adaptation If the hand were withdrawn 
before the pain had reached its maximum inten- 
sity, there was a momentary twinge of extra pain 
immediately after withdrawal. If the hand were 
withdrawn at any time before complete “ adapta- 
tion ” had taken place and then at once re-im- 
mersed, the pain would recur with nearly as great 
an intensity as occurred with the original immer- 
sion. If, however, the hand were left in until 
“ adaptation ” had taken place, it could be with- 
drawn and re-immersed in the cold water without 
pain being experienced (Figure 3). This adap- 
tive effect which protected the hand from pain 
diminished as the skin temperature was allowed to 


AVERAGE 
OF CONTROL 



HAND REMOVED BEFORE HAND LEFT IN UNTIL COMPLETE 

ADAPTATION OCCURRED ADAPTATION HAD OCCURRED 





NO PAIN 

ADAPTATION WILL LAST AS LONG AS 
THE HAND IS COLD OR AS LONG AS 
DIGITAL PULSE IS SMALL. 


600 650 700 750 800 SECONDS 


TIME IN SECONDS 

Fig. 3. Study of Adaptation. The Relationship Between the Temporal Course of Pain Sensation. 
Its "Adaptations” and the Amplitude of Pulsation of the Digital Artery 
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rise. There was partial protection, however, until 
the temperature of the hand reached 33° C. At 
this point, an immersed hand would feel the usual 
intensify of pain regardless of how quickly or 
slowly it had been warmed. “ Adaptation ” was 
completely effective only for the temperature of 
the water in which the hand was adapted, or for 
higher temperatures. Thus, if a hand adapted in 
water at 10° C. were withdrawn and plunged di- 
rectly into water at 5° C. the cycle of pain would 
occur as usual, the onset being somewhat delayed 
and the intensify of pain somewhat less than it 
would have been had a warm hand been immersed. 

II. Spatial summation 

When applied to a sensation, the term “ spatial 
summation ” means that the larger the area stimu- 
lated, the weaker would be the stimulus necessaiy 
to produce the sensation in question. Hardy and 
Oppel (16) demonstrated spatial summation for 
heat and cold sensations on the forehead. That is, 
as the area exposed to the heat radiation was in- 
creased, the strength of stimulus necessary to 
evoke sensation decreased almost in proportion. 
Hardy, Wolff and Goodell (17) found that pain 
induced by radiant heat on the forehead did not 
have this property of spatial summation. With 
the water*bath at 18° C, as already pointed out, 
barely detectable pain occurs in an immersed hand. 
When one finger was immersed, pain of the same 
intensity occurred. Immersing one finger at 0° C. 
brought on pain of intensity equal to that experi- 


enced when the whole hand was immersed. This 
type of pain, then, like burning pain, fails to show 
the effect of spatial summation. 

III. " Cold Pain ” in parts other than the hand 

The hand is not the only part of the body in 
which pain can be induced by local exposure to 
cold. The feet and legs were similarly sensitive to 
cold, as was the face, tongue, scrotum, etc. When 
the vertex of the head was dipped in cold water, 
pain was induced in the vertex following the pain 
cycle described for the hand. The sensation spread 
down the back of the head and through the 
temples, and appeared to be more intense than that 
experienced for the hand under like conditions. 
The highest temperature at which the headache 
could be induced, however, was 18° C. 

In two sites on the body it was found that pain 
could not be induced in our subjects by cold 
water. These were the lobe of the ear and the 
glans penis. The explanation for these excep- 
tions is not clear at present. 

IV. The behavior of skin temperature 

The skin temperature fell off sharply upon im-^ 
mersion. The rate of cooling of the skin was 
rapid for the first minute. By this time 90 to 95 
per cent of the total fall in skin temperature had 
occurred and cooling continued at an increasingly 
slower rate (Figure 4). 
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COOLING 



TIME IN SECONDS 

Frc. 4. The Course of Skin Temperature Showing the Rate of Cooling at Various Bath Temperatures 
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Fig. 5. The Course of Skin Temperature and Amplitude of Pulsation 
of the Digital Artery With the Left Hand Immersed in Water at Var- 
ious Temperatures 


V. Behavior of the digital pulse 

The amplitude of the digital pulse decreased 
suddenly upon immersion of the hand (Figure 5) , 
reaching its minimum at the time when pain in the 
hand was at a maximum. Following this there 
was a gradual return of the amplitude toward 
normal. This effect was most evident at tempera- 
tures of 9° C. or higher. Figure 6 illustrates the 
relationship between pain, “ pins and needles ” 
sensation and the amplitude of pulsation of the 
digital artery, with the hand immersed at 9.5° C. 
The pulsations began to decrease in amplitude di- 
rectly after immersion of the hand. The pulse 
waves of minimal amplitude correspond in point 
of time to the maximum intensity of pain in the 
hand. As the pain intensity began to decrease 
and the “ pins and needles ” sensation appeared, 
the amplitude of pulsation of the digital artery in- 
creased again, reaching its former level after the 
hand had completely adapted to the “ pins and 
needles ” sensation. At temperatures below 10° C. 
the intense cold usually appeared to hold the ar- 
teries more or less tightly constricted, thus mask- 
ing the vasodilator effect apparent at higher tem- 
peratures (Figure 5). 


Figure 7 illustrates a simultaneous recording of 
pulsations in the immersed fingers and the fingers 
of the opposite hand. The sharp decrease in 
amplitude of pulsation of the digital artery in the 
painful hand was closely paralleled by the tracing 
of the opposite hand. In the latter, however, there 
occurred shortly a vasodilator effect which brought 
the amplitude of pulsations back to normal. 

VI. Behavior of blood pressure 

Ten to 60 seconds after immersion of the hand 
in cold water, and approximately coincident with 
the onset of pain, a sharp rise in blood pressure 
occurred. This reached its maximum at about the 
point of maximum pain. With the onset of 
" adaptation ” the level of blood pressure declined 
slowly and returned to normal after the pain and 
“ pins and needles ” sensation had disappeared. 
When the adapted hand was withdrawn and 
promptly re-immersed, there was no recurrence of 
blood pressure elevation just as there was no recur- 
rence of pain. Like pain, the blood pressure eleva- 
tion bore a direct relationship to the degree of 
local cooling (Figure 8). No elevation of blood 
pressure occurred in water warmer than 18° C. 
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Fig. 6. Relationship of the Amplitude of Pulsa- 
tions of the Digital Artery to the Occurrence of 
Pain and u Pins and Needles ” Sensation at 9.3° C. 

The return to normal amplitude of pulsation was un- 
usually rapid and complete in this record. 

VII. The effect of ischemia 

Using a sphygmomanometer cuff maintained at 
a pressure of 200 mm. of mercury, the blood sup- 
ply to the arm was interrupted for 10 seconds, 5 
minutes, 15 minutes, 35 minutes, and 45 minutes 
before the hand was immersed. The inflated cuff 
was left in place during the period of immersion 
while observations were recorded. The pain and 
“pins and needles ” sensation occurred at their 
usual times, both with somewhat diminished in- 
tensity. u Adaptation ” took place as usual. In 
the experiment in which the circulation was cut 
off for 45 minutes, it was noted that touch sensa- 
tion, cold sensation and pain to pin prick had gone 
entirely from the hand before immersion ( 14) but, 
in spite of this, " cold pain ” occurred as usual 
when the hand was immersed. 

Comment It is known that, when anesthesia is 
induced by interrupting the blood supply to a part. 


the large fibers of class A are the first which cease 
to conduct impulses and that, as the ischemia is 
continued, nerve conduction stops in progressively 
smaller fibers until the smallest non-myelinated 
fibers of class C are the last to drop out (18). 
Cocaine anesthesia, on the other hand, has been 
shown to affect nerve fibers in just the opposite 
sequence (19), namely, the small class C fibers are 
the first ones blocked and the largest fibers of 
class A the last. Accordingly, since " cold pain ” 
from the above experiment in which the area was 
rendered ischemic appeared to be conducted along 
the smallest fibers of the nerves, it was deter- 
mined to confirm this observation by testing the 
effect of procaine anesthesia. 

VIII. Effect of procaine 

Three cubic centimeters of a 1 per cent solution 
of procaine hydrochloride were injected around 
the left ulnar nerve, and 30 seconds after the in- 
jection was completed the fourth and fifth fingers 
of the left hand were immersed in water at 10° C 
Scarcely any u cold pain ” appeared. Neverthe- 
less, all other sensory modalities, including pain to 
pinching and pin prick, were intact at this time. 
Later, an incomplete and transient anesthesia de- 
veloped in the ulnar distribution, but it had been 
possible first to eliminate “ cold pain ” while pin 
prick and deep pressure pain were still appreciated. 

IX. Effect of sympathectomy 

That this modality of “ cold pain ” is mediated 
by small non-myelinated fibers of class C appeared 
to be indicated from these data. Other fibers of 
similar size are the sympathetic vasomotor fibers. 
In order to determine any possible influence of 
these upon the phenomenon of " cold pain ”, a pa- 
tient who had had the cervical sympathetic ganglia 
on the right removed within the previous four 
weeks for intractable asthma was used as a subject. 
It was found that his right hand was markedly 
warmer than his left. The completeness of 
sympathectomy was demonstrated by comparing 
the change in skin resistance in the two hands 
upon the application of a nociceptive stimulus. 
Repeatedly there was a marked change in resist- 
ance on the left and none at all on the right. 
When the left arm was immersed in cold water, 
the usual cycle of pain and blood pressure cleva- 
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Fig. 7. A Comparison of the Amplitude of Pulsation of the Digital Artery 
in the Immersed Hand With That of the Opposite Hand 
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Fig. 8. Relationship Between the Blood Pressure Elevation and 
the Strength of Cold Stimulus in Different Individuals at Various 
Temperatures 
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tion occurred. When the right hand was im- 
mersed, however, the pain was much more severe 
and the elevation of blood pressure much more 
marked. At 10° C., for example, there was a 
diastolic rise of 10 mm. of Hg when the left arm 
was immersed and 20 mm. of Hg when the right 
arm was immersed. When the circulation to the 
arm was interrupted by a sphygmomanometer 
cuff, the effects were not altered. 

X. The effect of slow cooling 

If the hand were immersed in water at 20° C., 
a temperature at which no pain could be induced, 
and the temperature of the water slowly lowered 
by successive steps to 0° C. (over a period of more 
than 60 minutes), no pain was felt. The sensation 
of " pins and needles ”, however, occurred at about 
12° C. whether the cooling was slow or rapid, and 
became more intense with further cooling, adapt- 
ing slowly at each new temperature. The actual 
intensity of " pins and needles ” sensation was not 
as great with slow cooling as it was at comparable 
temperatures when the hand was cooled rapidly. 
The slower the cooling, the less marked was the 
sensation, and it is quite possible that if the hand 
were cooled slowly enough the sensation would 
not appear at all. 

XI. The effect of successive cooling of parts 

One hand was plunged into cold water where it 
was allowed to remain until complete “ adapta- 
tion ” had taken place. Then the other hand was 
immersed. The usual cycle of pain occurred in 
the freshly immersed hand without any pain oc- 
curring in the already adapted hand. After the 
second hand was thoroughly adapted, one fore- 
arm was introduced. Again pain was felt in the 
newly immersed part but not in the hands. Simi- 
larly, after submerging the other forearm, only 
that part experienced pain while the other mem- 
bers were " adapted ”. 

XII. The effect on “ -cold pain " of agents which 
alter the contractile state of arteries 

The effect of vasodilator agents. The con- 
tents of an ampule of amyl nitrite was inhaled on 
two occasions while the hand was immersed in cold 
water. There was no detectable effect on the pain. 
One milligram of histamine injected subcutane- 


ously was similarly unavailing in modifying the 
pain caused by cold, although the subject became 
flushed as a result of peripheral dilatation. 

B. The effect of vasoconstrictor agents . Pitres- 
sin, 1 cc., was given hypodermically to 3 subjects 
to determine the effect of strong vasoconstriction 
on the intensity and duration of “ cold pain 
Readings were made 15 minutes, 45 minutes, 1% 
hours and 2 hours after injection. It was found 
that both intensity and duration of pain were in- 
creased by 50 per cent. The maximum effect was 
noted at 45 minutes. After 2 hours the effect had 
disappeared. 

The fact that pitressin brought about an in- 
crease in intensity and duration of “ cold pain 99 
suggests that vasospasm may be a factor in the 
production of “ cold pain ”. Ray and Wolff (20), 
however, in experiments on the pain sensitivity of 
cranial arteries, brought about a brisk vasocon- 
striction by painting epinephrine directly on a 
cranial artery without inducing pain. Yet an 
epinephrine pack placed in the nose is known to 
cause intense pain. We found that this pain could 
be greatly accentuated by breathing cold air and 
nearly completely relieved by breathing warm air. 
It may be that here one is dealing with a pain aris- 
ing from vasoconstriction which is relieved by the 
vasodilator influence of warmth. 

In order to test this possibility further, it was 
determined to induce a powerful vasoconstriction 
in a hand still immersed in cold water but already 
adapted to “ cold pain ”. Accordingly, the left 
hands of the subjects were immersed in water at 
10° C. and, after “ adaptation ” was complete and 
the blood pressure had returned to its control level, 
0.00025 gram epinephrine was injected rapidly 
intravenously. Almost at once there was a sud- 
den and dramatic rise in the systolic blood pressure 
to more than 200 mm. Hg. At this time the sub- 
jects were pale, weak, and dyspneic, with acceler- 
ated pulse and respirations. The mouth was dry 
with an unpleasant, faintly metallic taste in it, and 
soon a moderately severe centrally placed headache 
appeared. The adapted hand in the water at first 
tingled but there was no “ cold pain”; after the 
blood pressure had passed its peak, the tingling 
was replaced by “ cold pain 99 , The latter persisted 
until the blood pressure had fallen nearly to nor- 
mal. Then the pain gave way to “ pins and 
needles ”, as usual, and finally, as the blood pres- 
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Pain Induced in a Hand Completely Adapted in Water Bath at 10° C. by 
the Injection of % mom. of Epinephrine Intravenously 


sure returned to normal, that sensation ceased 
(Figure 9). 

Comment. Having been able to reproduce pain 
similar to “ cold pain ” in this way, one is still 
not entirely clear as to whether or not this effect 
was brought about by vasoconstriction or by some 
other effect of epinephrine. The effects of epi- 
nephrine upon deep-lying blood vessels are not 
entirely agreed upon by investigators, and it is 
quite possible that the drug effected a warming of 
the deeper structures of the hand and abolished 
“ adaptation ” by increasing the thermal gradient, 
thus again rendering the hand susceptible to “ cold 
pain ” from the water in which it was immersed. 

DISCUSSION 

From the above data what inferences can be 
made about the aching pain described, and to 


what process can we attribute the phenomenon of 
“ adaptation ” to this pain ? 

Undoubtedly, the degree of pain experienced is 
closely allied to the strength of the cold stimulus, 
since the intensity, as well as the total amount of 
pain felt, increases in direct proportion to the 
lowering of the temperature of the water bath in 
which the hand is immersed. The first question 
to be answered is whether or not the pain thus 
experienced depends upon extreme stimulation of 
cold sensation (21, 22, 23, 24). Evidence upon 
this point is complete. As soon as the subject's 
hand is immersed he feels cold but no pain. The 
cold sensation continues throughout the cycle of 
pain and persists unaltered long after the pain is 
gone. In the experiment in which ischemia of 
the nerve was obtained by occluding the blood 
supply to the arm for 45 minutes, cold sensation 
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in the hand was abolished. “ Cold pain ”, how- 
ever, could be induced as usual. Clearly, the pain 
is not secondary to stimulation of the sense of 
cold. 

Since separate pain fibers mediate the sensation 
of “ cold pain ” it is desirable to know their char- 
acter. The experiments on partial block of the 
nerve trunks by ischemia, on the one hand, and 
procaine, on the other, suggest that the fibers in 
question are the small, non-myelinated ones of 
class C. 

It is clear that purely local changes in the im- 
mersed part are responsible for initiating the pain, 
as evidenced from the distribution of the sensa- 
tion as well as from the fact that its behavior is 
not altered by interruption of the blood supply 
and most of the nervous impulses going to the 
part. Furthermore, the purely local character of 
the phenomenon was demonstrated in the experi- 
ments in which parts were immersed successively 
into the water bath. 

The fact that the intensity of pain experienced 
parallels closely the degree of cold, and the finding 
that “ adaptation ” is effective only while the hand 
and water temperature difference is small, have 
already been emphasized. These data suggest that 
the thermal gradient in the hand is responsible for 
“ cold pain ” and that, when the gradient becomes 
less after the first minute of cooling, u adapta- 
tion ” occurs because the stimulus for pain is 
abolished. It seems unlikely that the site of pro- 
duction of this pain stimulus is in the skin since 
the character of the pain is not that of any other 
known cutaneous pains. These are invariably 
bright and burning in quality, while “ cold pain ” 
is deep and aching. The deeper tissues and blood 
vessels are the other possible sites where “cold 
pain ” may be initiated. 

Certain findings suggest that the blood vessels 
may be concerned in the production of u cold 
pain”. There is a marked vasoconstriction asso- 
ciated with the occurrence of " cold pain ” which 
is reflected in the tracings of the amplitude of 
pulsations of the digital artery. With the onset of 

adaptation ”, there appears to be a relaxation of 
the vasospasm and an increase in the amplitude of 
the digital pulse toward the control level. 

Several investigators have studied blood vessels 
with reference to their pain sensitivity (25, 26, 27, 
28). The experiments on humans by Ray and 


Wolff. (20) show clearly that cranial arteries are 
pain-sensitive to faradic and mechanical stimula- 
tion. If the vessels were stretched, distended 
from within or without, pinched or pulled, veiy 
definite pain resulted. 

If pain results from vasoconstriction, then it 
must be a purely local phenomenon. What is the 
relationship of the reflex vasomotor activity with 
its resultant hypertension, however, to the other 
events which occur as a result of plunging a hand 
into cold water? Could it represent simply a 
reaction to the pain experience? It is known that 
pain applied anywhere on the body induces hyper- 
tension and, as we have emphasized repeatedly, 
the height of blood pressure rise obtained corre- 
sponds closely to the intensity of pain experienced, 
which in turn depends upon the degree of cooling. 
Hines and Brown (1) separate subjects into three 
groups according to their blood pressure rise in 
the " cold pressor ” test. They name the cate- 
gories — Hyperreactors, Normal Reactors, and 
Hyporeactors. They look upon the Hyperreac- 
tors as potential hypertensives. Whether or not 
this inference is justifiable, it is quite clear that 
subjects do react differently to local cooling in 
terms of blood pressure rise. Moreover, they 
react according to a definite pattern. In a given 
individual, whether a hyper-, hypo-, or normal 
reactor, we found that the level to which the 
blood pressure rose increased in proportion to the 
lowering of the temperature of the water bath 
(Figure 8). 

The vasopressor effect seems clearly to be in- 
fluenced by the pain. In the experiment in which 
all the other sensoiy modalities were blocked by 
ischemia of the nerve, the elevation of blood pres- 
sure occurred as usual with “ cold pain Anal- 
gesic drugs of various sorts — aspirin, codeine and 
alcohol — lowered the pressor effect as they re- 
duced the pain. In the subject who had had a 
recent cervical sympathectomy on the right, we 
found that much more intense pain was experi- 
enced when the sympathectomized hand was 
plunged into the cold water than when the normal 
hand was immersed. In other respects, sensoiy 
examination of the two hands was identical. A 
much greater blood pressure elevation was asso- 
ciated with the more painful experience, however. 

It appears that the pressor effect in these ex- 
periments is related either to the pain itself or to 
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the subject’s reaction to the pain. Several facts 
indicate that the latter possibility is the more 
likely. Schumacher and others (29) have shown 
that, while reaction to pain is by no means con- 
stant from one individual to another, the pain 
threshold of a large group of individuals is prac- 
tically identical. This suggests but does not prove 
that the intensity of “ cold pain ” experienced by 
all subjects is about the same. The differences in 
blood pressure, then, must be due to differences in 
reaction to the pain from one subject to another. 
Some confirmation of this notion was obtained 
from an experiment in which a Hyperreactor was 
given 0.26 gram of sodium pentobarbital hypo- 
dermically in divided doses one hour apart. One- 
half hour after the second dose his hand was 
placed in water at 0° C. and his blood pressure 
response was that of a Hyporeactor. It has been 
shown that barbiturates in therapeutic dosage have 
relatively little effect on the pain threshold. The 
change must have been due to the effect of the 
drug on the subject’s reaction to pain. Therefore, 
the term “ Hyperreactor ” of Hines and Brown 
appears to be a particularly appropriate one. The 
fact that this group reacts in such a way to a 
distressing stimulus which is equal in intensity to 
that to which others are exposed who react less 
strongly may well shed light upon this subsequent 
development of a permanent hypertension. These 
findings seem to support the thesis of Hines and 
Brown (l). 1 Whether or not the blood vessels 
are concerned in the mechanism of “ cold pain ” 
cannot be decided from the evidence in hand. 
There is, however, much to suggest that they are. 

SUMMARY 

A deep, aching, painful sensation induced by 
immersing a part of the body in cold water is 
described. The behavior of this phenomenon is 
found to follow a definite pattern, namely, that 
regardless of strength of stimulus, pain reaches 
its maximum in approximately 60 seconds. There- 
after, the pain gradually subsides, giving way to 

1 There is one important modification which should be 
introduced into the technic of the “ cold pressor ” test. 
If the thermal stimulus is to be compared from one test 
to another, it is essential that the water in which the 
hand is immersed be stirred vigorously in order to avoid 
a warm zone in the immediate vicinity of the immersed 
hand. 


a sensation of “pins and needles” which soon, 
in turn, is terminated. The intensity of the pain 
and the total amount of pain were found to de- 
pend directly upon the degree of cooling, with 
“ adaptation ” occurring when the difference be- 
tween the hand and water temperature was small. 
Warming the hand or lowering the bath tempera- 
ture abolished the protective effect of “adapta- 
tion ”. The mechanism whereby the pain is pro- 
duced and the reason for its “ adaptation ” were 
investigated. It was found that: 

1. This pain is entirely separate from and inde- 
pendent of the sensation of cold itself.- 

2. This type of pain does not show the phe- 
nomenon of spatial summation since exposure of 
one finger to cold causes pain of equal intensity 
to that experienced when the whole hand is so 
exposed. 

3. The pain may be induced on nearly all parts 
of the body. In each case the highest bath tem- 
perature at which pain can be obtained is 18° C. 

4. The skin temperature of the immersed part 
decreases rapidly for the first minute after im- 
mersion and then much more slowly. 

5. The amplitude of pulsation of the digital 
artery parallels inversely the intensity of “cold 
pain ” experienced. 

6. The blood pressure-raising effect is propor- 
tional both to the intensity of pain experienced 
and to the degree of cold. 

7. Ischemia, which is known to produce pain 
in muscular structures, is not a significant factor 
in the production of “ cold pain ”. 

8. By selective partial block of nerve trucks, it 
was indicated that “ cold pain ” is carried by the 
small, non-myelinated fibers of class C. 

9. Sympathectomy was found to augment the 
intensity of pain derived from cold. 

10. It was found possible to lower the bath tem- 
perature to zero without pain being felt in the 
immersed hand if the cooling were carried out 
slowly enough. 

11. By successively cooling different parts it was 
learned that the production of “ cold pain ” de- 
pends on local changes in the part cooled. 

12. Evidence is presented which indicates that 
the elevation of blood pressure which results from 
immersion of a part in cold water is a measure of 
the subject’s reaction to “ cold pain 


PAIN DUE TO COOLING 


533 


CONCLUSIONS 


Pain due to local cooling is altogether separate 
from the sensation of cold itself. It is apparently 
mediated through small, non-myelinated fibers of 
class C. Its intensity, however, depends directly 
upon the degree of cooling. The stimulus re- 
quired for the production of "cold pain" may 
be found in the thermal gradient in the tissues of 
the immersed hand. It is possible that this stimu- 
lus brings about a painful vasospasm in the part. 
Relaxation of this local vasospasm may occur as 
the thermal gradient is decreased, thus accounting 
for " adaptation It appears that the " cold 
pressor" effect is a measure of reaction to pain. 
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Glomerular dynamics are steadily becoming 
more comprehensible as the trenchant methods 
for studying renal physiology developed by 
Homer Smith and his coworkers (1,2) are further 
extended. Their recent analysis of the problem, 
using the current conception of the glomerulus as 
a pure ultra-filter operated by the hydrostatic 
pressure of the blood, is based on various pre- 
sumptions — some of them explicit and supported 
by evidence, others tacit or not supported by 
evidence (2). 

An examination of these basic questions leads 
to formulae, different in certain respects from 
those developed by these workers, which can be 


ample, it is presumed that the flow into the 
resistance is the same as the outflow: there are 
no leaks. In the discussion of the derivation of 
our formulae, the matter of the applicability 
and modification of Poiseuille’s law and the 
validity of the choice of the points along the 
kidney's vascular system between which resist- 
ance is to be measured will be of importance. 
Approximations for the changes in viscosity of 
the blood will also be offered and supported. 
For this purpose, empirical formulae are to be 
derived which will relate the viscosity of plasma 
and whole blood to the serum protein content 
and hematocrit. 


applied clinically to determine the actual afferent 
and efferent arteriolar resistance of human kid- 
neys. We shall first present these formulae, 
with an example of a clinical application, before 
proceeding much further with their detailed 
derivation. 

Fundamentally, the essence of a quantitative 
description of resistance, whether applied to flow 
of fluid or electricity, is the representation of 
resistance in terms of flow and pressure, the cus- 
tomarily measured quantities. In electricity, 
Ohm's law defines resistance as the ratio of the 
potential drop, in volts, along the resistor, to 
the electric current flow in it, in amperes. In 
hydraulics, Poiseuille, who was brought to the 
problem by his interest in the resistance of the 
blood vessels to the circulation of the blood, has 
similarly defined resistance as the ratio of the 
fall in pressure from one end to the other of a 


By itself, Poiseuille's law may not be directly 
applied to renal afferent and efferent arteriolar 
resistance. One must add the hypothesis, well 
supported by Homer Smith ei al. (2), and which 
represents currently accepted views on the kid- 
ney's function, that in the glomerular capillaries 
the pressure of the blood filters out non-protein 
fluid into Bowman's capsule until finally the op- 
posing osmotic force of the blood proteins thereby 
concentrated rises to equal it. This fluid then 
becomes the raw material from which the kid- 
ney’s tubules elaborate urine. In the glomeru- 
lus, the filtrate is osmotically in equilibrium, 
across the capillary membrane, with the blood as 
it starts to enter the efferent arteriole. 

This hypothesis of osmotic equilibrium, like 
Poiseuille’s law, is subject to quantitation. 
Knowing the degree of increased concentration 


continuous wetted tube, to the rate of flow 
through it, after being multiplied by the viscosity 
of the fluid. Thus: 

Resistance = - drop in pressure^ _ 
rate of flow X viscosity 

It is, of course, applicable in the simple form 
only if certain conditions are fulfilled. For ex- 


of the blood proteins produced by glomerular 
filtration, we can estimate from an empirical 
equation the resulting increased osmotic pressure 
and, therefore, the blood pressure in the terminal 
portion of the glomerular capillaries. In this 
way, we obtain one of the pressure measurements 
needed to apply Poiseuille's law to the kidney. 

The rates of flow of blood and of glomerular 
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filtration are determined, clinically, by means of 
the diodrast and inulin clearances (1). 

PART I 
Formulae 

The final formulae developed require definitions of cer- 
tain symbols. We shall give them here briefly; they are 
more exactly defined in Part II. 

Let Ra = resistance of afferent arterioles in mm. Hg per 
cc. per minute. 

Re ~ resistance of efferent arterioles in mm. Hg per 
cc. per minute. 

R = Ra + total resistance of renal arterioles 
in mm. Hg per cc. per minute. 

I = inulin clearance in cc. per minute. 

D *= diodrast clearance in cc. per minute. 

F ~ jjt the filtration fraction. 

5 = grams of protein in 100 cc. serum, 

H c = hematocrit, as a fraction of 1. 



k = a constant dependent on the hematocrit. 
For all, except grossly abnormal hematocrits, 
k - 0.47. 

Pm = mean of systolic and diastolic brachial blood 
pressures in mm. Hg of the recumbent subject. 

Where 

„ 2.345 ^ n 2.345 

r ° “ 1 - 0.05425 and ~ 1 - 0.05425 - F* 


or 


Ra - 


Pm ~~ Po • — 40 
HD 


Re 


(1 - kF)(P 0 ' - Po+ 10 ) 
HD 


Re = 


(1 - 0A7F)(P o > - Po+ 10 ) 
HD 


For normal subjects, such as those reported by Smith and 
his coworkers (3), the formulae can be simplified. Using 
the average hematocrit of 43 per cent 1 ; serum protein as 
7 grams per 100 cc., with an osmotic pressure of the corre- 
sponding plasma of 26.4 mm. Hg, the formulae become 

„ Pm-Po'- 40 D _ (1 - 0.47F)(Po' - 16.4) 
Ka ~ 15555 ; E “ 1.755D 


genic control of the kidneys, Smith and his 
collaborators (3) have examined the changes 
produced in diodrast and inulin clearances and 
in blood pressure in a series of normal, basal, 
supine subjects. They have reached the con- 
clusion that the kidneys are “not dependent upon 
tonic activity of the central nervous system.” 

Examining their cases, as reported, we omit, 
as does Smith, any correction factor for diodrast 
clearance. We use the set of simpler formulae 
above, as individual hematocrit and serum pro- 
tein are not recorded. The results of this appli- 
cation are given in Table I. 

The average fall in renal arteriolar resistance 
is found to be 32 per cent with a probable error 
of 4.2 per cent. Although so large a change may 
be due solely to autonomous activity of the de- 
nervated kidneys, it has not been demonstrated 
that abolition of central nervous influence is not 
involved. An analysis of data on blood pressure 
and cardiac output before and during spinal 
anesthesia in 11 cases, using the Poiseuille law 
formula with 20 mm. correction subtracted from 
mean blood pressure, 2 shows no consistent change 
in total body vascular resistance (4, 5). Conse- 
quently, a 32 per cent fall in renal arteriolar 
resistance would appear significant. 

The afferent arterioles always dilated ; the 
average is 70 per cent fall in resistance. 3 The 
afferent arteriolar resistance always fell more 
than the efferent arteriolar resistance. The ef- 
ferent arteriolar resistance fell in 5 of 7 cases. 
In the last case, with a 50 per cent increase in 
efferent arteriolar resistance (if there is no 
technical failure) one would suspect either auton- 
omous constriction of the efferent arteriole or a 
response to an increase in circulating adrenalin 
elicited by the fall of mean blood pressure to 75 
mm. Hg. (Normally, in the unanesthetized 
subject both arterioles appear to be active (6).) 


Clinical application 

We shall now proceed to exemplify the use of 
these formulae in clinical material. There has 
been considerable discussion as to the part man’s 
renal nerves play in controlling blood flow 
through the kidneys. On the assumption that 
spinal anesthesia abolishes any possible neuro- 


2 See Part II, The actual application of Poiseuille' s law. 
a In 2 cases under spinal anesthesia with extremely 
abnormal blood pressures of 64 and 75 mm. Hg, the formula 
for afferent resistance breaks down, becoming negative. 
This would indicate that in this circumstance intracapsular 
and intrarenal pressures are less than the values we have 
used as normal. A modification of these quantities so 
that the intracapsular urinary perfusion pressure remains 
10 mm. Hg would leave efferent arteriolar resistance un- 
changed, while increasing afferent arteriolar resistance and, 
to a much lesser extent, total arteriolar resistance. 


1 Dr. Homer Smith has very kindly supplied this datum. 
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TABLE I 

Effects of spinal anesthesia on renal arteriolar resistance * 


Subject 

number 

Condition 

Clea 

7 

Inulin 

(Glo- 

mer- 

ular 

filtra- 

tion) 

ranees 

D 

Dio- 

drast 

(Plasma 

flow) 

HD 

Renal 

blood 

flow 

Pse 

Mean 

blood 

pressure 

Po 

Glo- 

merular 

intra- 

capillary 

pressure 

Pa 

Resist- 

ance 

of 

afferent 

arterioles 

Re 

Resist- 

ance 

of 

efferent 

arterioles 

R 

Total 

arte- 

riolar 

resist- 

ance 

Pa/Re 

Ratio 

of 

afferent 

to 

efferent 

resist- 

ance 

ARa/Ra 

Change 

in 

afferent 

arte- 

riolar 

resist- 

ance 

aRe/Re 

Change 

in 

efferent 

arte- 

riolar 

resist- 

ance 

AR/R 

Change 

in 

total 

arte- 

riolar 

resist- 

ance 








X 1000 

X 1000 

X 1000 












mm. Hg 

mm. Hg 

mm. He 







cc. per 
minute 

cc. per 
minute 

cc. per 
minute 

mm. He 


per cc. 
per 

Per cc. 
per 

Per cc. 
Per 


Per cent 

per cent 

per cent 








minute 

minute 

minute 





18 

Control 

81 

421 

7 39 

100 

57.4 

30.5 

25.9 

56.4 

1.18 




18 

Spinal 

84 

455 

798 

90 

56.9 

16.5 

23.3 

39.8 

0.71 

-46 

-10 

-29 

13 

Control 

! 139 

607 

1065 

100 

60.9 

17.9 

20.5 

38.4 

0.87 


1 


13 

Spinal 

128 

655 

1150 

80 

57.7 

2.0 

16.8 

18.8 

1 0.12 

-89 

1 -18 

1 ” 51 

11 

Control 

128 

893 

1567 

94 

53.7 

I 13.0 

10.3 

23.3 

1.26 


i 


11 

Spinal 

116 

910 

1597 

80 

52.6 

I 4.6 

9.5 

14.1 

i 0.48 

-65 

! 

-39 

20 

Control 

176 

812 

1425 

100 

59.7 

I 14.2 

14.7 

28.9 

0.97 





Spinal 

155 

771 

1353 

83 

58.2 

3.5 

14.6 

1 18.1 

0.24 

-75 

j ~ l 

-37 

17 

Control 

152 

648 | 

1137 

95 

61.5 

11.9 

19.7 

1 31.6 

0.60 




17 


102 

596 , 

1046 

64 

55.7 


17.0 

17.0 

0.00 

-100 

\ -14 

-46 

12 

Control 

99 

468 

821 i 

110 

59.7 

37.5 

I 25.0 

I 62.5 

1.50 


! 


12 

Spinal 

80 

426 , 

747 j 

100 

57.1 

30.6 

25.2 

55.8 

1.21 

-38 

1 +1 

-11 


Control 

146 i 

897 

1574 l 

86 

55.1 

\ 6.9 

11.0 

17.9 

0.63 





Spinal 

128 

664 

1165 

75 

57.5 


16.5 

16.5 

0.00 

-100 

+50 

-8 


* See footnote 3 in text. 


If we compute the average of the ratios to 
mean blood pressure of the blood pressure in the 
terminal portion of the glomerular capillaries 
{Pa — Po ' + 20, see Part II) in the cases during 
anesthesia (renal denervation), we find a ratio of 
0*70. If the 2 cases with abnormally low blood 
pressures are omitted, the ratio is 0.66. Winton 
and his collaborators report an average value of 
0.66 (7) in the dog's isolated (denervated) kidney. 

PART II 

formulae for glomerulo-dynamics 
Glo?nerular equilibrium 

Smith el al . (2) first consider the relationship 
between the forces acting in the glomerulus. 
They reach the conclusion that, even under the 
condition of greatest renal blood flow, equili- 
brium exists between the difference in hydro- 
static pressures on both sides of the glomerular 
membrane and the osmotic pressure of the con- 
centrated blood before it leaves the glomerulus. 

The change in hematocrit during glomerular 
filtration 

Using the methods of Van Slyke (8), it can be 
shown that even during maximal glomerular 
hemoconcentration, when the plasma proteins 


are concentrated 33 per cent (2), the resulting 
change in pH of the plasma (neglecting the buf- 
fering action of the red cells) is less than 0.006, 
which is less than the change occurring in the 
lungs. The hematocrit, with so small a shift, 
changes less than 1 per cent (9, 10). Conse- 
quently, in considering the effect of glomerular 
filtration on the red cells, the change in pH can 
reasonably be neglected. 

We shall turn to the effect of the increase in 
plasma protein concentration on the red cells. 
While this increase is quite significant with re- 
spect to the glomerular membrane, which is 
permeable to all the crystalloid ions, it becomes 
insignificant so far as the red cell is concerned. 

Recent studies using radioactive salts (11) 
have confirmed the previous finding that, in man, 
the red cell is, at least for a few hours^ imperme- 
able to sodium and potassium. The determina- 
tion of the forces acting on the red cell membrane 
must, therefore, include the oncotic action of the 
impermeable crystalloid ions (sodium and potas- 
sium), as well as the protein, on both sides of the 
red cell su rface/ On this basis, a rough compu- 

4 are very* much indebted to Dr. Homer W. Smith 
for calling this fact and its implication to our attention. 
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tation shows that plasma proteins account for 
only 1 per cent of the oncotic pressure of the 
plasma with respect to the red cell. Since the 
crystalloid ions permeate the glomerular mem- 
brane, they are not concentrated in the glomeruli 
and an increase of 33 per cent in plasma protein 
will produce a change of less than *4 per cent in 
the oncotic pressure acting on the red cells. 
Such a change is, of course, trivial so that we are 
justified in concluding that little, if any, water 
leaves the red cells during glomerular filtration 
and that their absolute volume remains fixed. 
A formula based on this premise is easily derived 
and is presented later when the change in vis- 
cosity of the blood during its passage through 
the kidney is considered. 

Osmotic pressure of concentrated blood 

Since the red cells are not osmotically active in 
the ultrafiltration occurring in the glomerulus, 
they can be excluded while this problem is 
examined. 

To apply the results of in vitro determination 
of the osmotic pressure of blood to the kidney, 
one must be sure that the glomerular membrane 
acts like the artificial membranes in use. There 
appears to be little difference among the artificial 
membranes (12) and a suggested electrical charge 
on the glomerular membrane (13) seems unlikely 
and unimportant (14, 15). The observations on 
human transudates by Loeb, Atchley, and 
Palmer (16) under in vitro conditions showed the 
similarity between the living and artificial semi- 
permeable membrane and it therefore appears 
very likely that the results of laboratory deter- 
minations of osmotic pressure can be applied to 
glomerular ultra-filtration. 

Excellent osmotic pressure measurements of 
blood have been made with an instrument in- 
vented by Hepp (10, 17, 18). It has not, as yet, 
been applied to human blood or blood more 
concentrated than normal — the range we are 
concerned with — so that, in determining the rela- 
tionship between osmotic pressure and protein 
concentration in human plasma, we shall use the 
recent results of Adair and his coworkers (19). 
They have studied the osmotic pressure of fresh 
and redissolved dehydrated human serum up to, 
but not beyond, normal concentration and have 
given an empirical formula. At the maximum 


glomerular hemoconcentration of 33 per cent, the 
osmotic pressure is found to be increased 65 
per cent, so that the assumption by Smith et al. 
(2) of proportionality between osmotic pressure 
and protein concentration can lead to consider- 
able error (20 per cent). 

The Adairs’ and Greaves’ (19) formula, modi- 


fied for 37.5° C., is: P 0 > 


2.345' 

1 - 0.05435 


> + 0 . 1 , 


where Po> is the osmotic pressure in mm. of Hg 
of one source of normal human plasma and S' is 
the concentration of protein in grams per 100 cc. 
solution of the corresponding serum. The added 
number, 0.1, is derived from Hepp’s work on 
cow’s blood. The osmotic pressure of plasma is 
about 13 mm. H 2 O less than that of the corre- 
sponding serum (17). But the osmotic pressure 
at pH 7.4 (arterial blood) is about 14J4 mm. of 
H 2 O greater than at pH 6.9, the value studied by 
Adair. The difference, mm. H 2 0, is 0.1 mm. 
Hg. Since this is less than per cent of Pq > , 
it will be neglected. We then have: 


CO 


Po- 


2.34 S' 

1 - 0.0542 S r 


This formula is to be used to obtain the osmotic 
pressure of plasma at any degree of hemo- 
concentration. 


Intracapsular and intrarenal pressure 

In the glomerulus, let us call the hydrostatic 
pressure of the blood, when it reaches osmotic 
equilibrium with its filtrate, Pa, expressed in 
mm. Hg, and correspondingly let Pc be the 
intracapsular pressure, the pressure against 
which the filtrate is formed. Smith et al's (2) 
description of equilibrium in the terminal capil- 
laries of the glomerulus gives the equality: 


Po — P o' T* Pe- 


ls the intracapsular pressure the same as in- 
trarenal pressure, which, in the dog, has been 
estimated to average 10 mm. Hg and to be inde- 
pendent of arterial pressure (20, 21, 22)? Smith 
and his coworkers, in their analysis of the blood 
flow in and out of the glomerulus, assume that 
Pc — Pn- In such a circumstance, glomerular 
filtrate might conceivably be perfused through 
the tubules up to the loop of Henle where it be- 
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comes osmotically concentrated (1), in part by 
diffusion from a high to a low concentration of 
water* But it is doubtful that this would be at 
all a potent factor, and certainly its effect would 
be reversed during the secretion of hypotonic 
urine found at times in all mammals (1). An- 
other possibility is the suction effect of the ab- 
sorption of about 99 per cent of the filtrate (1) 
by the time the urine has reached the first part 
of the distal tubule. Its result would be to make 
a suction pump out of the proximal tubules, loop 
of Henle, and part of the distal tubules, the 
energy coming from the tubular epithelium. An 
objection to this notion is that the pump would 
have no valve; it would similarly suck urine 
backwards, up the collecting tubules, from the 
pelvis of the kidney. Neither of these hypo- 
theses offers a force to move the concentrated 
urine through the last part of the distal and the 
collecting tubules. That the arterial pulsations 
of renal tissue milk urine towards the calices 
because the resistance of the remote retrograde 
branches of the system is greater than that of 
the central trunks seems a minor likelihood, in- 
capable of effectively explaining the perfusion of 
urine through distal and collecting tubules. We 
are forced to the conclusion that Pc > Pr\ intra- 
capsular pressure is greater than interstitial renal 
pressure. 

O'Connor (23) calculated the glomerular fil- 
trate perfusion pressure in the rabbit {Pc ~~ Pr) 
to be a minimum of 10 mm. Hg if the bore of the 
tubules were 10 /i. In view of the fact that 
“histological sections would indicate a rather 
higher value” for the lumen (24), and because 
we have noted other factors helping in perfusion, 
we should choose this minimum value for human 

filtrate perfusion pressure: Pc — Pr = 10. With 

Winton’s average for interstitial pressure {Pr 
5=5 10 mm. Hg), we have: Pc = 20 mm. Hg; and 

Pq = P o* -f- 20. 

Poiseuilles law 

Ideally, the resistance of a fixed tubular 
system to the flow of liquid is a constant defined 
by the ratio of the pressure difference used to 
perfuse it to the product of the rate of flow there- 
by^ produced and the relative viscosity of the 
fluid with respect to some standard. Inflow and 
outflow at the points of pressure measurement 


must be equal for the definition of resistance to 
apply. 

. Perfusion pressure 

esis nee ra ^ e 0 f fl ow re ] a tive viscosity 

Experimental in vivo confirmation of this rela- 
tionship, somewhat modified for the kidney, is 
crude (21). Perfusion experiments have shown 
that, while it applies with modification (a con- 
stant is subtracted from pressure) to the isolated 
hind-limb of the dog (25), it does not apply to 
the isolated dog's kidney (26). However, the 
isolated dog's kidney behaves quite different!}', in 
certain respects, from the kidney in the anes- 
thetized or unanesthetized dog. Its urine is 
hypotonic; its inulin clearance (glomerular filtra- 
tion rate) is quite considerably lower (more than 
50 per cent) ; its creatinine clearance is not uni- 
formly proportional to inulin clearance (27). 
While, in man, inulin clearance is approximately 
independent of renal blood flow (2), in the iso- 
lated or anesthetized dog’s kidney, this is not 
the case (27). The mechanism of dilution 
diuresis also appears to differ in the isolated and 
anesthetized kidney (28). 

The presumption attending the application of 
Poiseuilles law to an isolated organ is that its 
resistance remains constant while the flow and 
the perfusion pressure which cause it vary. If 
the isolated organ's arterioles respond auton- 
omously to the change in pressure, and the 
denervated anesthetized kidney, unlike the 
extremities, appears to do so (29, 30), this pre- 
sumption would be false. It does not seem un- 
reasonable, therefore, to apply Poiseuille's law 
to man's intact kidney. Smith and his co- 
workers have done so, without the modification 
found necessary in the hind-limb (25), analyzing 
separately afferent and efferent arteriolar resist- 
ance. We shall proceed with this analysis. 

Resistance of afferent arterioles 

Since the blood undergoes no change in vis- 
cosity before the glomerulus, no correction for 
viscosity is needed if only the afferent arteriolar 
resistance referred to normal blood is measured. 
However, the two points of pressure reference 
chosen by Smith el al . are average arterial 
pressure and hydrostatic blood pressure in the 
glomerulus when osmotic equilibrium with ultra- 
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filtrate is reached, which must be near the efferent 
arteriole. 

We can consider afferent resistance defined in 
this way (Ra) to be composed of true afferent 
arteriolar resistance, ending at Bowman’s cap- 
sule ( Ba ) and the resistance of the glomerular 
capillaries ( Rg ) to perfusion ( Rp ) and filtration 
( Rf ). Thus, we would have : 

Ra — Ra T Rg' 

Since the filtration and perfusion resistances of 
the capillaries are parallel, they are computed 
in the usual way: 

Jl = J_ , _L. 

Rg Rp Rf 

It is found that, at the mean basal plasma filtra- 
tion fraction of 19 per cent (2), where the effect 
of changes in viscosity of perfused blood and 
filtered plasma (they are opposite in direction 
and tend to cancel) are neglected, the result of 
computing Rg with the above formula, using 
Poiseuille’s law, is less than 11 per cent different 
from the result when we compute Rg as: 

g _ fall in pressure in glomerular capillaries 
~ rate of flow of blood into glomerulus 

While an error of 11 per cent in Rg may seem 
considerable, it is relatively small in its effect 
on Ra, as defined above to include Rg, since Rg 
is small compared with Ra ; the pressure drop in 
the glomerulus itself is small compared with 
that in the afferent arteriole. 6 

By the time the blood in the glomerular capil- 
laries reaches the efferent end, its volume has 
been diminished by filtration and its viscosity 
has increased due to the increase in the hemato- 
crit and the concentration of plasma protein. 
In Poiseuille’s law, the denominator of the ex- 
pression for resistance is the product of flow and 
viscosity. Since flow decreases and viscosity 
increases, the effects of the two errors in neglect- 
ing these changes are in opposite directions. 
Later, in the consideration of the efferent arterio- 
lar resistance, it will be shown that these errors 
almost cancel each other. It is for this reason, 
as well as because Rg is small compared with 

* The change of kinetic into potential energy is negligible 
( 31 ). 


Ra, that we introduce little error in computing 
Ra up to the equilibrium point in the glomerular 
capillaries, near the efferent arterioles, without 
allowing separately for filtration resistance, re- 
duced flow, and increased viscosity. Smith and 
his associates likewise make the same choice, 
including the glomerulus in afferent arteriolar 
resistance without special adjustment (2). 

Resistance of efferent arterioles 

The problem of the efferent arteriole is differ- 
ent in that in it the blood viscosity is increased 
throughout the major fall of pressure, up to the 
point where the glomerular filtrate has been re- 
absorbed in the peritubular capillaries. Smith 
and his coworkers make no allowance for the 
increase in viscosity since they consider it 
negligible (2). 

Effect of change in viscosity 

Let us compute the importance of this change 
to ascertain how large a factor it is. 

It has been shown that the viscosity of blood 
depends on the hematocrit, but that it is also 
proportional to the viscosity of the plasma 
(32, 33). The maximum plasma protein con- 
centration observed by Smith and his associates 
is 33 per cent (2), so we are interested in the 
range of plasma viscosity from 7 grams per cent 
(taken as normal) to 9.3 grams per cent. While 
there have been many attempts to offer general 
formulae relating the concentration of solute to 
viscosity, none has been completely successful. 
However, in our range, a simple linear relation- 
ship is an excellent empirical one (34, 35). Such 
a formula, based on the data for serum viscosity 
in the proper range (35), has been derived by the 
method of least squares, modified with an in- 
crease of 22 )/2 per cent at normal hemoconcen- 
tration to obtain the viscosity of the correspond- 
ing plasma (36, 37). Where V' is relative vis- 
cosity of the corresponding plasma with reference 
to water as unity, and S' is defined as previously 
for osmotic pressure, we obtain : 

(2) V' = 0.60 + 0.204 S'. 

We must now compute the change in hemato- 
crit caused by glomerular filtration. 

Let H e = hematocrit of blood before ultrafiltration. 

H c ' = hematocrit of blood after ultrafiltration. 
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D — diodrast clearance of plasma in cc. per 
minute corrected for incomplete renal extrac- 
tion and residue in red cells (2) (rate of flow 
of plasma through kidney). 

/ = inulin clearance in cc. per minute (2) (rate of 

glomerular filtration by the kidney). 

F — filtration fraction. 

The new hematocrit is found: 


, unchanged volume of RBC 

e volume of RBC + initial volume of plasma 

-5- degree of increased plasma concentration 

Or, 

Hc ' = K + (1 - Hc)( 1 - F) ' 

On this basis, with F at its maximum value of 
0.33, and taking a high initial hematocrit of 
60 per cent, we find that He is 69 per cent. 
Consequently, we are interested in a range of 
hematocrit from about 35 to 70 per cent. The 
effect of hematocrit on the viscosity of blood in 
the dog has been carefully studied by Whittaker 
and Winton (25). Using their curve (p. 358) in 
this range, we have obtained an excellent fit with 
the following empirical equation: 


U' = Y ( 0.27 


0.983 \ 

1 - Ho') ' 


Here U f is the viscosity of whole blood of hemato- 
crit He and plasma viscosity V f , while U and V 
are the values for unconcentrated normal blood 

C H c f = H e ; V 7 = 10- 

Formulae have been given for all the quantities 
determining U r so that we can compute the rela- 
tive change caused by glomerular filtration. We 
use for the normal hematocrit ( H c ) Smiths aver- 
age value of 43 per cent. 1 

The maximum increase in blood viscosity 
occurs when the filtration fraction is 33 per cent. 
In this case, with relative viscosity entering into 
the denominator of Poiseuille's law, efferent 
arteriolar resistance would be estimated at the 
most 46 per cent too high, if the increase in 
blood viscosity caused by glomerular filtration is 
neglected. But if the loss of glomerular filtrate 
is also disregarded in estimating efferent arterio- 
lar flow, along with the increase in viscosity, the 
result is at the worst 118 per cent of the more 
exact value, an error of 18 per cent. We see, 


o41 

then, that if an approximation is to be made, it 
is wiser to neglect both the reduction in flow and 
the increase in viscosity of the blood in the 
efferent arteriole, rather than either one alone, 
since they tend to compensate each other. At 
mean basal plasma filtration fraction (19 per 
cent), these errors are considerably reduced — 
23 yZ per cent and 10 per cent, respectively. 
This illustrates in numerical form our previous 
statement that it is proper to neglect the oppos- 
ing effects on resistance of changes in viscosity 
and blood flow occurring in the glomerulus when 
defining afferent arteriolar resistance. Strik- 
ingly enough, we see that the error introduced by 
this approximation for the resistance of the 
efferent arteriole is nearly proportional to the 
filtration fraction. Thus 0.47F can be applied 
to correct our simplified formula for efferent 
resistance where the hematocrit is properly taken 
as the average, 43 per cent. Other factors of F 
can be used for other values of the hematocrit, 
if need should arise. It may be noted that the 
more precise expression involving viscosity and 
reduced blood flow depends only on clinically 
measurable quantities. We have: 

Efferent arteriolar resistance 

_ pressure difference X (1 — 0A7F) 
whole blood flow through kidney 

The definition of efferent arteriolar resistance 

The next step in the definition of efferent 
arteriolar resistance, having considered the 
changed viscosity and the reduced flow in this 
arteriole, is to consider what the perfusion pres- 
sure is. Certainly the equilibrium pressure at 
the efferent end of the glomerular capillaries, 
used as the terminal one in the definition of 
afferent resistance, is the correct initial one and 
we shall follow Smith et al . (2) in using it, al- 
though computing its value, as above, somewhat 
differently. The ideal terminal pressure would 
be the one at the arterial end of the peritubular 
capillaries, before significant change in the rate 
of blood flow due to reabsorption of the glomeru- 
lar filtrate has occurred. But this pressure is not 
known and is certainly a variable one, depending 
on rate of flow and other factors, so that a fixed 
estimate of its size is unwarranted. As the blood 
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passes through the capillaries to the venules, 6 its 
volume is restored to 99 per cent of its original 
value by the reabsorbed glomerular filtrate and 
its viscosity falls back to normal. This is roughly 
the reverse of the situation in the glomeruli. By 
choosing venous capillary pressure as our ter- 
minal pressure in the definition of efferent ar- 
teriolar pressure, we introduce an error, but once 
again the effects of falling viscosity and rising 
flow are in opposite directions; the fraction in- 
volved of the total efferent arteriolar resistance 
defined is small, and so the net effect can be 
neglected. Homer Smith and his coworkers (2) 
have similarly chosen for their terminal perfusion 
pressure the venous end of the capillaries where 
hydrostatic blood pressure is very likely to be 
approximately equal to the sum of intrarenal 
and normal osmotic pressures. We shall, there- 
fore, chose Pr + Po, where P 0 is normal blood 
osmotic pressure in mm. Hg, for the terminal 
pressure in our definition of efferent arteriolar 
resistance. 

Arterial pressure 

In measuring the perfusion pressure of the 
afferent arteriole, we should naturally choose 
the pressure in the renal artery. Since this is 
pulsatile, the best approximation would be its 
integrated mean value. This value is not the 
average of systolic and diastolic blood pressure 
but diastolic blood pressure plus 44 per cent of the 
pulse pressure (38) . The fall in this more precise 
mean, as obtained from subclavian and femoral 
arteries in man, is usually about 2 mm. of mer- 
cury. The average of systolic and diastolic 
pressure is about 3 mm. Hg too high (38). It is 
therefore clear that the average of systolic and 
diastolic blood pressure taken at the arm is a 
good enough measure of mean renal artery 
pressure. 

The actual application of Poiseuille's law 

Previously, we have mentioned Whittaker and 
Winton’s (25) finding that Poiseuille’s law applies 
to the hind-limb of the dog perfused with blood, 
but with modification. They find that the 
perfusion pressure plotted against the flow is a 
straight line with an intercept at about 20 mm. of 


8 The cortical tissues are mainly nourished by glomerular 
filtrate on its way to the capillaries. 


mercury. That is to say, Poiseuille’s law for 
blood is really: 


„ . ^ Perfusion pressure — 20 

Resistance = ~ 1 

Rate of flow 


This phenomenon appears to be an inherent one 
of blood itself (25). There is further confirma- 
tion of it in the intact animal (39). In applying 
Poiseuille’s law to the afferent arteriole, we shall 
therefore use this 20 mm. Hg correction. But 
we shall not use it in the efferent arteriole where 
blood flows from capillaries back to capillaries, 
not from artery to capillaries, as in the afferent 
arteriole and in Whittaker and Winton’s ex- 
periments. 

We are now ready to utilize Smith and his 
coworkers’ (2) analysis of renal dynamics as 
modified, above. 

Let Pm — Average of systolic and diastolic blood pres- 
sure measured at the arm in mm. Hg. 

D — Diodrast clearance of plasma in cc. per 
minute, etc., as noted previously. 

I — Inulin clearance of plasma in cc. per minute, 
as noted previously. 

H c — Hematocrit, as a fraction of 1. 

^ 1 whole blood volume 

1 — H c plasma volume 

HD — Total blood flow in cc. per minute. 

F — , plasma filtration fraction. 

Ra = Afferent arteriolar resistance, as defined. 

Re — Efferent arteriolar resistance, as defined. 

R — Ra + Re, total arteriolar resistance, as 
defined. 

The resistance units will be mm. Hg per cc. per minute 
with the viscosity of the unconcentrated blood take as 
unity. 

Other symbols have already been defined. 

The perfusion pressure for the definition of 
afferent arteriolar resistance is the difference 
between mean renal artery pressure and the 
equilibrium blood pressure in Bowman’s capsule. 
Thus: 


(S) 


Ra = 


Pm - P G - 20 
HD 


The perfusion pressure for Re Is Po 
- (P 0 + Pr) ; the flow is HD - I. We have: 


(4) 


Re — 


PgjzPqjz Pr 

U‘ 

(HD-Djf 
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Substituting for P G its equivalent, P c + 
we write: ' 


( 5 ) 


Re 


Pc -Po + 10 
U' 

(IID-I)f 


We have justified the substitution, where k is a 
constant dependent on the hematocrit, 


TV 

(HD - Djf = 


HD 

1 - kF‘ 


Accordingly, 


00 


Re 


(1 - kF)(P 0 ‘ - Po + 10 ) . 
HD 


(7) 


Ra 


Pm ~ Po ■ - 40 
HD 


The formula for P 0 * has already been given 
(see Equation (7)), and P 0 is found from this 
formula when for S' we substitute 5, the clini- 
cally observed value for unconcentrated serum 
protein. The degree of hemoconcentration being 

YZTpy we have S ' = 

Substituting the formula for S' in that for P 0 > , 
we find that: 


(*) 


Pa> = 


2.345 

1 - 0.05425 - F' 


Po is the value of P 0 > when F is set equal to 
zero. 

Equations ( 6 ) and (7) for Re and Ra are 
therefore seen to be completely determined, with 
the aid of Equation (<?), by the clinically deter- 
minable entities: serum protein, hematocrit, 
inulin and diodrast clearances, and blood pres- 
sure. 7 

SUMMARY 

The application of Poiseuille's law to the kid- 
ney has been discussed and formulae have been 
developed to measure clinically, in man, afferent 
and efferent arteriolar resistance. A practical 
application to available clinical data on the renal 
effect of spinal anesthesia (denervation) in nor- 
mal man has also been offered. At present, 
while normal ma'n may lack tonic central 
nervous control of renal blood flow, this does not 

7 The method of computing h has already been given 
^ n der Effect of change in viscosity. Usually, k ~ 0.47 
is adequate, as most hematocrits are near 43 per cent. 


appear to have been demonstrated. The evi- 
dence also does not preclude autonomous control 
by the kidney of its blood supply. 

Incidentally, empirical formulae for the vis- 
cosity of human plasma and whole blood have 
been derived from observations in the literature. 
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passes through the capillaries to the venules, 6 its 
volume is restored to 99 per cent of its original 
value by the reabsorbed glomerular filtrate and 
its viscosity falls back to normal. This is roughly 
the reverse of the situation in the glomeruli. By 
choosing venous capillary pressure as our ter- 
minal pressure in the definition of efferent ar- 
teriolar pressure, we introduce an error, but once 
again the effects of falling viscosity and rising 
flow are in opposite directions; the fraction in- 
volved of the total efferent arteriolar resistance 
defined is small, and so the net effect can be 
neglected. Homer Smith and his coworkers (2) 
have similarly chosen for their terminal perfusion 
pressure the venous end of the capillaries where 
hydrostatic blood pressure is very likely to be 
approximately equal to the sum of intrarenal 
and normal osmotic pressures. We shall, there- 
fore, chose P R + Po, where P 0 is normal blood 
osmotic pressure in mm. Hg, for the terminal 
pressure in our definition of efferent arteriolar 
resistance. 

Arterial pressure 

In measuring the perfusion pressure of the 
afferent arteriole, we should naturally choose 
the pressure in the renal artery. Since this is 
pulsatile, the best approximation would be its 
integrated mean value. This value is not the 
average of systolic and diastolic blood pressure 
but diastolic blood pressure plus 44 per cent of the 
pulse pressure (38) . The fall in this more precise 
mean, as obtained from subclavian and femoral 
arteries in man, is usually about 2 mm. of mer- 
cury. The average of systolic and diastolic 
pressure is about 3 mm. Hg too high (38). It is 
therefore clear that the average of systolic and 
diastolic blood pressure taken at the arm is a 
good enough measure of mean renal artery 
pressure. 

The actual application of Poiseuille's law 

Previously, we have mentioned Whittaker and 
Winton’s (25) finding that Poiseuille’s law applies 
to the hind-limb of the dog perfused with blood, 
but with modification. They find that the 
perfusion pressure plotted against the flow is a 
straight line with an intercept at about 20 mm. of 


e The cortical tissues are mainly nourished by glomerular 
filtrate on its way to the capillaries. 


mercury. That is to say, Poiseuille’s law for 
blood is really: 


Resistance = 


Perfusion pressure — 20 
Rate of flow 


This phenomenon appears to be an inherent one 
of blood itself (25). There is further confirma- 
tion of it in the intact animal (39). In applying 
Poiseuille's law to the afferent arteriole, we shall 
therefore use this 20 mm. Hg correction. But 
we shall not use it in the efferent arteriole where 
blood flows from capillaries back to capillaries, 
not from artery to capillaries, as in the afferent 
arteriole and in Whittaker and Winton’s ex- 
periments. 

We are now ready to utilize Smith and his 
coworkers' (2) analysis of renal dynamics as 
modified above. 


Let Pm — Average of systolic and diastolic blood pres- 
sure measured at the arm in mm. Hg. 

D — Diodrast clearance of plasma in cc. per 
minute, etc., as noted previously. 

I = Inulin clearance of plasma in cc. per minute, 
as noted previously. 

H c — Hematocrit, as a fraction of 1. 

_ 1 whole blood volume 

1 —H e plasma volume 

HD — Total blood flow in cc. per minute. 

F ~ plasma filtration fraction. 

Ra — Afferent arteriolar resistance, as defined. 

Re — Efferent arteriolar resistance, as defined. 

R — Ra 4 Re, total arteriolar resistance, as 
defined. 

The resistance units will be mm. Hg per cc. per minute 
with the viscosity of the unconcentrated blood take as 
unity. 

Other symbols have already been defined. 

The perfusion pressure for the definition of 
afferent arteriolar resistance is the difference 
between mean renal artery pressure and the 
equilibrium blood pressure in Bowman’s capsule. 
Thus : 


(3) 


Ra « 


Pm - Po ~ 20 
HD 


The perfusion pressure for Re is Po 
— (P 0 4 Pr) ; the flow is HD — I. We have: 


(4) 


Re = 


Pa -Po- Pn 
U' 

{HD-Djj 
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Substituting for Pa its equivalent, P c + iV, 
we write: ' 

Per - Po + 10 


( 5 ) 


Rb 


(IJD - D 


tr 

u 


We have justified the substitution, where k is a 
constant dependent on the hematocrit, 


(HD - J) 


U' HD 


U 1-kF 


Accordingly, 


(6) Re 

(7) Ra 


(1 - kF)(P 0 > - P 0 + 10) 


HD 

Pm — P 0 * — 40 
HD 


The formula for P 0 • has already been given 
(see Equation (i)), and P 0 is found from this 
formula when for S' we substitute 5, the clini- 
cally observed value for unconcentrated serum 
protein. The degree of hemoconcentration being 

we have S' = yz~~p' 

Substituting the formula for S' in that for Po f > 
we find that: 


( 8 ) 


p 2.345 

°' 1 - 0.05425 - F* 


Po is the value of P 0 ’ when F is set equal to 
zero. 

Equations (tf) and (7) for Re and Ra are 
therefore seen to be completely determined, with 
the aid of Equation ( 8 ), by the clinically deter- 
minable entities: serum protein, hematocrit, 
inulin and diodrast clearances, and blood pres- 
sure. 7 

SUMMARY 

The application of Poiseuille’s law to the kid- 
ney has been discussed and formulae have been 
developed to measure clinically, in man, afferent 
and efferent arteriolar resistance. A practical 
application to available clinical data on the renal 
effect of spinal anesthesia (denervation) in nor- 
mal man has also been offered. At present, 
while normal man may lack tonic central 
nervous control of renal blood flow, this does not 


7 The method of computing: k has already been given 
under Effect of change in viscosity . Usually, k = 0.47 
is adequate, as most hematocrits are near 43 per cent. 


appear to have been demonstrated. The evi- 
dence also does not preclude autonomous control 
by the kidney of its blood supply. 

Incidentally, empirical formulae for the vis- 
cosity of human plasma and whole blood have 
been derived from observations in the literature. 
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Po = osmotic pressure of un concentrated blood in mm. 
He. 

Po • = osmotic pressure of blood concentrated in glomeru- 
lus in mm. Hg. 

Pm = average of systolic and diastolic brachial blood 
pressures in mm. of Hg. 

5 = concentration of protein in grams per 100 cc. of 

normal human scrum. 

Ra resistance of afferent arterioles (defined more pre- 
cisely elsewhere) (2). 

Re = resistance of efferent arterioles (2). 
k = constant, dependent on hematocrit, equal to 0.47 
when hematocrit is 0.43. 

As previously shown (2) : 

r> Pm — P o' — 40 

Ra = HD ; 

P - 0_- kF)(P 0 ' -Po+ 10) . 

Re HD 

p _ 2.34S 

°' 1 — 0.0542S — F‘ 

If we take S = 7.0; H = 1.755 (corresponds 
to hematocrit of 0.43); P 0 = 26 A; k = 0.47; and 
the mean basal condition of D — 13.4 and I 
= 2.56, as was previously done in a clinical 
application (2); and let Pm — 90, as have Smith 
and his collaborators, 2 we have: 

n _ „ 7 _ 17.3 

. D ~ 52,7 0.63 - F 

where R a is constant at 0.540, the mean basal 
value found for D = 13.4, I = 2.56. And, 
where R E is fixed at 0.809, for the same values of 
D and /, the equation determining the resulting 
relationship of D and I is: 

D - 11.55(1 - 0.47F) - 1 ) • 

While Figure 1 illustrates the fact that neither 
set of arterioles is fixed when renal blood flow 
varies, another way of demonstrating this is to 
compute, from the formulae, the effect on resist- 
ance of a 1 per cent decrease in renal blood flow 
or diodrast clearance, to which it is proportional, 
while the inulin clearance (glomerular filtration 
rate) stays constant. We find that such a change 
in flow at the mean basal point (1) requires 
approximately a 0.2 per cent decrease in afferent 

2 An examination of the papers referred to show's that 
mean blood pressure does not change much during maximal 
r cnal ischemia due to adrenalin. 


arteriolar resistance and a 0.9 per cent increase 
in efferent arteriolar resistance. 

Smith and his collaborators demonstrate that 
the consequence of assuming the fall in pressure 
in the efferent arterioles (P E ) to be inversely pro- 
portional to the flow through them (Q) is con- 
stancy of glomerular filtration rate, if their 
formulae are applicable (1). They consider that 
this inverse relationship is the result of fixed 
afferent arteriolar resistance. While we have 
offered evidence that this is not the case, let us 
determine the meaning of this relationship. In 
algebraic form, where IT is a constant, it be- 
comes: 


Pe = W/Q; or W = P E Q- 

This is the analogue of power loss in the form 
of heat in electricity: watts = volts X amperes. 
The assumption made, therefore, is really that 
the efferent arterioles vary in caliber so that the 
kinetic energy of the flowing blood dissipated in 
them as heat (friction loss) remains constant. 
The change in blood viscosity as a result of 
glomerular hemoconcentration must be con- 
sidered negligible and osmotic pressure must be 
considered proportional to hemoconcentration for 
this relationship to be true (1). 

Is it approximately true? If W, above, eval- 
uated with regard to the effects of viscosity and 
non-linear osmotic pressure changes, remains 
fairly invariant, with changes in renal blood flow, 
the constancy of efferent arteriolar heat loss 
could be a good approximation. For Q , we use 
the flow modified to include the effects of vis- 
cosity, as justified elsewhere (2), and the formula 
for Po 1 has been given. We then have: 

w - CP.- - P. + 10) • 

Using the normal values, as before: 


W = (iV “ 16.4) 


1.755 D 
1 - 0.47F " 


Evaluating W at two different ranges of blood 
flow, ischemia and hyperemia, by letting I be 
constant at its mean value of 2.56 cc. and letting 
D = 7 and 20 cc. per minute per unit diodrast 
tubular mass, we determine the change in W 
produced by a 1 per cent decrease in D (1 per cent 
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decrease in renal blood flow) . We find that when 
D — 7, a 1 per cent decrease in D causes a 1.2 
per cent increase in W, which is 442; when 
D — 20, a 1 per cent decrease in D produces an 
increase in W of 0.6 per cent from 258. It is 
therefore clear that the "constant” W varies 
considerably and the friction heat loss in the 
efferent arterioles is not approximately fixed. 

SUMMARY 

1. Formulae for the afferent and efferent 
arteriolar resistance to renal blood flow in man 
have been applied to available data for normal 
subjects under ischemic, basal, and hyperemic 
renal conditions. 

2. It has been found that the resistance of both 
sets of arterioles vary simultaneously in main- 
taining constant glomerular filtration in the basal 
state and in adrenalin ischemia and pyrogenic 
hyperemia of the human kidney. 


3. At the mean basal state, a 1 per cent de- 
crease in renal blood flow per unit diodrast tubu- 
lar mass is caused by approximately a 0,2 per 
cent decrease in afferent arteriolar resistance and 
a 0.9 per cent increase in efferent arteriolar 
resistance. 

4. The heat loss due to friction of the blood 
flowing through the efferent arterioles is not 
approximately constant. 
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With the growing use of the barbiturates in 
anesthesia and in medicine in general, it becomes 
increasingly important to understand the hazards 
this entails, not only so that accidents of the past 
may he explained but, chiefly, so that they can be 
prevented in the future. In this study our atten- 
tion has been directed to the respiration. While 
other systems may also be afTected adversely by 
the barbiturates, the respiration frequently gives 
the first warning of impending difficulties. Re- 
spiratory failure often plays an important part in 
death under these agents. This study was de- 
signed primarily to investigate the mechanisms 
leading to respiratory failure under evipal and 
pentothal anesthesia. Since the barbiturates are 
qualitatively very similar in their actions, it is 
probable that the mechanisms described here ap- 
ply to many members of the group. 

EQUIPMENT AND PROCEDURES 

Animals. Mongrel dogs weighing about 10 kilograms 
were employed. Blood pressure was recorded by means 
of a Ludwig manometer from the femoral artery. The 
representative material presented here was chosen from 
that obtained in experiments on 43 dogs under the two 
anesthetic agents considered. 

Anesthesia. Evipal sodium [1 methyl 5 A' cyclohexenyl 
5 methyl barbiturate] in 10 per cent aqueous solution was 
administered intravenously in an initial dose of 50 mgm. 
per kgm. body weight. This was supplemented intra- 
venously as needed during the preparation of the animal 
and the course of the experiment. Pentothal sodium 
[ethyl (1 -methyl-butyl) thiobarbiturate] in 5 per cent 
aqueous solution was administered intravenously in an 
initial dose of 25 mgm. per kgm. body weight. Addi- 
tional anesthetic was added intravenously as needed. 
The points illustrated hold true for both agents. Some- 
times one agent, sometimes the other, is used to demon- 
strate a given point. 

Depth of anesthesia was controlled as carefully as pos- 
sible by observation of the state of a spinal reflex. The 
flexion reflex of the left semitendinous muscle was 

1 Supported in part by a grant-in-aid from the Ex- 
ecutive Committee of E. R. Squibb and Sons. 

2 Fellow of the National Research Council. 


evoked by electrical stimulation of the central end of 
the cut left sciatic nerve. The electrodes were chlorided 
silver wires flattened and perforated and stitched to the 
nerve. Insulation was insured with cotton packing around 
the electrodes and nerve. These electrodes were con- 
nected with the secondary coil of a Harvard inductorium. 
The primary was activated with a 1.5 volt dry cell. A 
hand-operated mercury contact key and a signal magnet 
were placed in circuit with this. The strength of the 
stimulating current was adjusted to give approximately 
a maximal response. The ipsilateral nerves to the ham- 
string muscles were left intact so that contractions of the 
divided semitendinous muscle might be recorded on the 
smoked drum. Essentially isometric recording was ob- 
tained by employing a tempered steel recording lever. 
The information as to depth of anesthesia obtained from 
the spinal reflex records was supplemented by frequent 
notes as to the state of the corneal and lid reflexes. 
Sluggish reflexes were designated as one plus and very 
active ones as two plus. 

Respiratory apparatus and recording. Three simul- 
taneous records were made of the respiration: The tidal 
excursions were recorded by means of a Hutchinson 
spirometer, specially constructed so as to allow an arti- 
ficial increase or decrease in intrapulmonary pressure to 
be made during the recording (4) ; the intercostal and 
diaphragmatic respirations were recorded, as described by 
Gesell and Moyer (3), by means of paper bands which 
encircled the midthorax and the midabdomen of the torso 
from which the hair had been clipped; the segmental and 
combined respiratory responses were recorded on a 
smoked drum where an upstroke corresponds to inspira- 
tion. The animal was connected to an airway (where 
airflow was directed by two Tissot valves) and from 
this to the Hutchinson spirometer and a 60 liter steel 
tank, usually two-thirds filled with water. Interconnec- 
tions through brass steam pressure valves permitted in- 
stantaneous shift to the gas mixtures contained in any 
one of three such steel tanks without interruption during 
recording. A soda lime cannister was inserted into the 
expiratory half-circuit of the system in such a way that 
the carbon dioxide would be removed during respiration 
except when the tank reserved for the administration of 
carbon dioxide was used. 

Gas analysis. Blood gases were determined in dupli- 
cate by the method of Van Slykc and Neill. Oxygen 
content was determined in 1.0 cc. samples of heparinized 
whole blood taken under oil; carbon dioxide in 0.5 cc. 
scrum. 

At times mixtures of inspired gases were made up 
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Fig. 1. Pentothal (5 Per Cent Solution) Anesthesia 


In the records an upstroke corresponds to inspiration. 
Read from left to right. Time marker at 5-second in- 
tervals with minutes indicated. To avoid including other- 
wise uninteresting portions of records resulting from 
interference with respiration caused by sciatic stimulation, 
the reflex response records have been moved from nearby 


parts of the record. Doses are totals administered at a 
given time in all cases. Except as specified, the animal 
breathed room air. Twelve per cent carbon dioxide was 
used. “ Low oxygen ” refers to 5 per cent oxygen. The 
base line for blood pressure is the signal line. Weight of 
dog 9.8 kgm. 
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specially. At other times the following mixtures were 
employed: In one tank 12 per cent carbon dioxide was 
mixed with 30 per cent oxygen and 5S per cent nitrogen. 
In another tank 9 per cent oxygen was mixed with 91 
per cent nitrogen. The composition of the inspired gases 
was determined at intervals in the Henderson modifica- 
tion of Haldane’s apparatus. 


RESULTS 

Although the barbiturates have been in wide- 
spread clinical use for many years, and for a con- 
siderable number of years have been used for gen- 
eral anesthesia, it is a curious fact that relatively 
little attention has been given to a consideration of 
the conditions which enhance the toxicity of these 
agents ; yet. the statement is almost axiomatic that 
a great hazard of the use of the barbiturates is 
their variability of action. Doubtless many still 
unknown factors are involved in this variability. 
Several conditions are encountered clinically which 
increase the toxicity of these agents: ( 1 ) gross 
overdosage followed by respiratory failure when 
the blood gases are normal, at least at first; (2) 
the respiratory response to the barbiturates when 
the blood oxygen content is low; (3) the respira- 
tory response to the barbiturates when the blood 
oxygen content is high; ( 4 ) respiratory alteration 
and failure following administration of the drugs 
when the carbon dioxide content is high; (5) re- 
spiratory failure under a combination of (2) and 
(4) above; and, finally, (d) respiratory failure as 
a result of positive pressure in the airway and the 
breathing of 100 per cent oxygen. These condi- 
tions will be illustrated by representative examples 
taken from the 43 experiments. 

( 1 ) It hardly seems necessary to illustrate the 
production of respiratory failure by gross over- 
dosage with barbiturates when the blood gases are 
initially within normal limits, for everyone who 
has employed these agents to any considerable ex- 
tent experimentally or clinically has demonstrated 
this effect. 

(2) The respiratory response to low oxygen is 
particularly interesting under the barbiturates. 
This has been discussed in detail by Moyer and 
Beecher (S, 9). For present purposes, this can 
be illustrated by Figure 1, B, D, F, and Figure 2. 
In Figure 1, Sections B, D, and F represent, re- 
spectively, light, moderate!}' deep and deep barbi- 
turate anesthesia. (Note the sciatic reflex evoked 
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Fig. T, D\ Pentothal (5 Per Cent Solution) 
Anesthesia 

Details are as for Figure 1 


by stimulation.) The responses of the pulmonary 
ventilation to four minutes of breathing 5 per cent 
oxygen, as well as the effects on ventilation of 
small doses of pentothal, are tabulated here : 


.TABLE I 

Weight of dog: 9.8 kgm.; pentothal 5 per cent intravenously 





Pulmonary minute volume of 
ventilation 

Figure 

Section 

Depth of anesthesia 

Initial 

After 

4 min- 
utes 
on 

5% Oi 

Immediately 

after 

additional 

5% 

pentothal 

1 

B 

Light 

5930 

8650 

4640^1.0 cc.J 

~ 

D 

Moderately deep 

4680 

8080 

4900[0.8cc.] 


F 

Deep 

2920 

8820 

4470[0.4cc.] 


These figures are presented for illustrative pur- 
poses only and are not to be construed as repre- 
senting precise changes to be encountered on all 
occasions. These figures show, however, the gen- 
eral fact that, over a wide range of anesthesia, low 
oxygen in the inspired air effects a great increase 
in pulmonary ventilation. It is interesting to ob- 
serve in passing that, although the initial minute 
volumes were progressively smaller with increas- 
ing depth of anesthesia, the low oxygen produced 
the same final effect, that is, the ventilation rose to 
the same level in each case, regardless of where it 
had started from. This will he considered in the 
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discussion. Tabic I contains further information 
of general importance : With increasing depth of 
anesthesia, smaller and smaller doses of drug will 
be necessary to produce a given reduction in 
ventilation in the presence of low oxygen stimula- 
tion. Under deep anesthesia, 40 per cent of the 
dose used in light anesthesia effected the same re- 
duction in minute volume. (The initial ventila- 
tion under the deep anesthesia had not fallen lower 
than approximately 3000 cc. per minute; this 
ordinarily can be considered as adequate to keep 
the blood carbon dioxide level within normal limits, 
so it seems unlikely that any abnormal accumula- 
tion of carbon dioxide was present in the blood.) 
Notwithstanding the important stimulation of low 
oxygen, increasingly greater effects will be pro- 
duced by given doses of bartiturate as the anes- 
thesia deepens. 

Inasmuch as a severe degree of oxygen shortage 
will of itself produce many of the signs of anes- 
thesia, it is not surprising that a point will ulti- 
mately be reached where a dose of barbiturate that 
would not ordinarily have serious effect will, dur- 
ing low oxygen administration, produce a fatal re- 
sult. This effect of low oxygen is illustrated in the 
lightly anesthetized animal whose record is shown 
in Figure 2, B. Evipal was the agent employed. 
Here, vigorous artificial respiration promptly in- 
stituted with high oxygen in the airway could not 
reverse the process, even though the heart con- 
tinued to function for a considerable time after 
artificial respiration was instituted, as shown in 
the tracing. The earlier administration of the 
same dose, even in conjunction with a toxic con- 
centration of carbon dioxide, had no serious effect 
(Figure 2, A). Sufficient time was allowed to 
elapse before the final barbiturate injection was 
made so that the animals were at essentially the 
same levels of anesthesia in Sections A and B. 
This, of course, must not be construed as indicat- 
ing that, under all circumstances, the percentage 
of low oxygen employed here is more toxic than 
the carbon dioxide concentration used. In fact, 
Figure 1 nicely demonstrates that, under the cir- 
cumstances of that experiment, the concentration 
of carbon dioxide used was more depressant than 
the 5 per cent oxygen with which it was compared. 
Figure 2 is of use in illustrating that a severe de- 
gree of oxygen shortage in conjunction with a not 
ordinarily dangerous dose of the barbiturate can 
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Fio. 3. Pentotiial (S Per Cent Solution) Anesthesia 
Details ore ;\s for Figure 1. Weight of dog, 8.5 kgm. “ Low oxygen ” refers to 8 per cent 
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produce a fatal result even in a lightly anesthetized 
subject. 

It is apparent from the data already presented 
that low oxygen has a stimulating action on the 
respiration over a wide range of anesthesia depth. 
It is also evident that, even when the subject is in 
good condition and only lightly anesthetized, the 
combination of low oxygen and modest dosage of 
barbiturate can produce a particularly malignant 
form of respiratory failure, one that is irreversible 
even when artificial respiration is promptly insti- 
tuted and oxygen administered. It is important to 
emphasize, therefore, that low oxygen can first 
mask barbiturate depression and later add to the 
total depression. The masking effect is brought 
out in Figure 1, at the ends of Sections B, D, F, 
where sharp falls in ventilation are shown when 
the low oxygen is discontinued and room air is re- 
sumed. Figure 3 also illustrates the masking effect. 
Here, the dog weighed 8.5 kgm. Five per cent 
pentothal was administered intravenously. In Sec- 
tion A, 0.5 cc. (total dose, at that injection) in the 
lightly anesthetized animal altered the minute vol- 
ume of respiration from 4700 cc. to 3320 cc. on 
room air. The rate was slowed from 29 to 24 per 
minute. A little later, when the animal had re- 
turned to about the same light level of anesthesia, 
it was shifted from room air to 8 per cent oxygen 
in the inspired air. The initial ventilation was 
3940 cc., the rate 27. After four minutes on low 
oxygen this had changed to 4480 cc., with a rate 
of 32. At this point the same dose of pentothal 
used initially, 0.5 cc., was injected. Although the 
rate increased appreciably, from 32 to 38, the 
minute ventilation now was unchanged at 4560 cc. 
per minute ; this contrasts sharply with the initial 
result. Clinically, one could not have detected any 
depressant effect of this second dose of pentothal. 
The respiration, unchanged in minute volume, in- 
creased a little in rate but would not have sug- 
gested a depressant effect of the pentothal ; the 
blood pressure was not significantly altered by the 
agent. Yet it is clear from the earlier Section A 
and the later Section D that this dose of pentothal 
would, with a normal concentration of oxygen in 
the inspired air, have produced respiratory depres- 
sion. In section B this effect was masked by the 
low oxvgcn. This masking effect becomes evident 
only when the hypoxia is relieved by substituting 
room air for the low oxygen. The truly depres- 


sant effect then becomes obvious. In the example 
at hand the minute volume of 4560 cc. fell at once 
to 1710 cc. ; the blood pressure declined rapidly, 
indicating that it had been maintained at its level 
by anoxia. The great sensitivity of these re- 
sponses is indicated by the considerable effects 
produced under circumstances of normal oxygen 
intake by a very small dose of barbiturate on the 
one hand, and by the great depression of respira- 
tory exchange effected by the shift from 8 per cent 
oxygen to room air on the other hand. 

( 3 ) The depressant effect of low oxy'gen was 
mentioned in the preceding section, and data were 
presented to indicate how serious the masking of 
barbiturate depression by low oxygen might be. 
It will now be shown that high oxygen during 
barbiturate anesthesia can also have serious conse- 
quences. The fact that a high arterial oxygen 
tension could effect a depressant action under 
barbiturates and certain other agents has long 
been known. Mosso (7), Henderson (5), Mar- 
shall and Rosenfeld (6), and others have observed 
it. Figure 4 demonstrates that this effect can be 
lethal when evipal is the anesthetic agent. 


TABLE II 

Weight of dog 11.3 kgm. 


Time 

Inspired 

Color of 
mucous 
membranes 

Arterial 

oxygen 

content 

Arterial 

C0 2 

content 

Rate 

Minute 
s venti- 
lation 

1:17 p.m. 

Room air 

Good 

volume 
per cent 
15.5 

volume 
per cent 
49.8 

37 

48S0 

1:22 p.m. 







1:23 p.m. 

100% 0 2 




28 

3220 

1:25 p.m. 





31 

3600 

1:29 p.m. 



17.3 

51.2 



2:27 p.m. 

Room air 

1 Very cyanotic 

7.0 

G9.5 

12 

1290 

2:28 p.m. 

100% 0 2 






2:29 p.m. 


Cyanosis much less 



3 

320 

2:30 p.m. 

Infrequent gasps 


4.S 

78.3 

0 


2:3S p.m. 

Death 







In Figure 4, A, the immediate effect of 100 per 
cent oxygen, even though the color of the mucous 
membranes was good, was to lower the rate from 
37 to 28 and the ventilation from 4880 cc. to 3220 
cc., with small blood changes in oxygen and car- 
bon dioxide content. Later, when the animal was 
deeply anesthetized (sciatic stimulation produced 
a visible but not recorded response), the blood 
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oxygen seriously low, and the carbon dioxide con- 
tent abnormally high, 100 per cent oxygen pro- 
duced a distinct improvement in the animal’s color ; 
yet the respiratory rate, concomitant with the 
obvious improvement in oxygenation of the blood, 
dropped at once from 12 to 3 and quickly failed 
completely, although the heart continued to heat 
for at least a minute and a half following the last 
gasp. 

(4) Respiratory alteration and failure follow- 
ing administration of barbiturates when the blood 
carbon dioxide content is high is shown in Figure 
1, A. C, 3 E. These three sections represent light, 
moderately deep and deep anesthesia. (Note the 
sciatic reflex responses.) The dog used in this 
experiment weighed 9.8 kgm, Pentothal in 5 per 
cent solution was the anesthetic agent. 
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£ In passing, it will be observed that Figure 1, A, 
C, E and Table III demonstrate the gradual de- 
« crease of sensitivity of the respiratory center to a 
■*f given carbon dioxide concentration in the inspired 
^ air. In Figure 1, A, four minutes of breathing 
12 per cent C0 2 resulted in nearly a five-fold in- 
crease in ventilation; in Figure 1, C the effect was 
half (two and one-half-fold) what it had been in 
Figure 1, A; in Figure 1, E, four minutes of 
breathing 12 per cent C0 2 merely resulted in 
doubfing the ventilation. This characteristic of 
the barbiturates has been discussed elsewhere by 
Moyer and Beecher. The point of immediate im- 
portance is that the respiratory center is less sensi- 
tive than normal to its natural stimulus, carbon 
dioxide. The carbon dioxide finally becomes, in 


3 In Figure 1, C, an example of sudden alteration of 
cardiac activity, probably due to heart block, can be seen. 
This was frequently encountered under pentothal under 
the circumstances of these experiments. It is being in- 
vestigated further. 
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fact, a depressant. Therefore, it might be ex- 
pected that additional doses of the barbiturate 
would have a tendency to produce respiratory fail- 
ure when the carbon dioxide level of the blood 
was high, when otherwise this would not be so. 
Figures 1 and 1', D' show this to be the case. Re- 
spiratory failure is not produced in Figure 1, A 
by 1.0 cc. 5 per cent pentothal. At a deeper level 
of anesthesia a smaller dose (0.8 cc.) did cause 
the respiration to fail. Chronologically, the doses 
were given as follows: 9:00 a.m., 5.0 cc. of 5 per 
cent pentothal; 9:15, 1.0 cc. ; 9:30, 1.0 cc. ; 10:10, 
1.0 cc.; 10:27, 1.0 cc.: 11:18, 1.0 cc.; 11:45, 1.0 
cc. ; 12 :00, 1.0 cc. ; 12 : 1 5, 0.8 cc. ; 12 :37, 0.8 cc. 

It might be argued that the respiratory failure 
in Figure 1, C was due to the cumulative effects of 
the repeated doses. That this is not so is indi- 
cated by the fact that the respiration did not fail 
when the same size dose was administered later 
while the animal was at least as deeply anesthetized 
as in Figure 1, C, but was not on a high carbon 
dioxide intake, Figure 1', D' (preceding D' two 
doses of agent in addition to those listed had been 
administered at fairly close intervals). 

Figure 8 illustrates in an animal breathing room 
air the enormous increase in ventilation effected 
by carbon dioxide stimulation in a subject lightly 
anesthetized with evipal (similar to Figure 1, A). 
Later, at a deeper level of anesthesia, the swift 
production of respiratory failure by a brief ex- 
posure to the same concentration of carbon dioxide 
is shown. Anoxia caused the blood pressure to 
rise. A moderate degree of negative pressure in 
the airway reestablished respiration. After a 
minute on negative pressure, enough carbon di- 
oxide had been washed out and the carbon dioxide 
depression overcome to such an extent that the 
respiration could continue spontaneously when the 
negative pressure was relieved (10). 

In Figure 9, A, the animal was deeply anes- 
thetized and breathing 100 per cent oxygen. The 
initial respiratory rate was 6 with a minute venti- 
lation of 1460 cc. The sciatic reflex response is 
interesting, in that it was more greatly depressed 
than could be accomplished with evipal alone with- 
out respiratory failure. It would appear safe to 
conclude that the animal was already suffering 
from carbon dioxide depression. If this were 
true, administration of synthetic carbon dioxide 
should result in further depression of respiration 


and the sciatic reflex, not stimulation. This was 
the case. After three minutes of breathing 12 per 
cent carbon dioxide, the respiratory rate had 
slowed to 2 per minute, and the minute volume 
was reduced to 570 cc. At the time the carbon 
dioxide administration was discontinued, the rate 
of respiration was slowing rapidly, and almost at 
once failed completely. Following the respiratory 
failure, electrical stimulation of the sciatic nerve 
reestablished respiration. With the first stimuli 
no muscle response was recorded. The respiration 
resulting from the sciatic stimulation undoubtedly 
washed out a considerable part of the carbon di- 
oxide which had been depressing the subject. The 
reappearance and the subsequent small but definite 
increase in the record of the reflex response sup- 
port this. 

The animal was still deeply anesthetized, how- 
ever, and the respirations were only 4 per minute 
with a minute ventilation of 1060 cc. when the 
vagi were blocked with cold. While the rate re- 
mained the same, the amplitude of respiratory ex- 
cursion increased to result in a minute volume of 
1480 cc. Carbon dioxide was administered again, 
and again respiration failed, this time with the 
vagi blocked. 

In Section B of Figure 9, recorded an hour and 
a half following Section A, the animal had become 
considerably lighter. (Observe the sciatic and the 
eye reflexes.) The carbon dioxide stimulus now 
increased the ventilation from 2140 cc. per minute 
to 3040 cc., rather than depressed it as it had in 
Section A. This was also true when the vagi 
were blocked. In A, with anesthesia deep, carbon 
dioxide depressed respiration ; in B, with anes- 
thesia lighter, respiration was stimulated. These 
changes occurred notwithstanding vagal blocks. 
These results were confirmed in other cases. It 
must be concluded from Figures 1, A, C, E, 8, and 
9 that a high concentration of carbon dioxide in 
the inspired air enhances the depressant action of 
a given dose of barbiturate; this effect is increas- 
ingly great with deepening anesthesia. 

(5) The early effect of low oxygen in masking 
the barbiturate depression, and the acutely fatal 
effects of severe anoxia during barbiturate anes- 
thesia, have been demonstrated. The increased de- 
pression caused by given small doses of barbitur- 
ates when the blood carbon dioxide level is high 
has also been shown. It is reasonable to suppose 



rt—TTrt rrr rrr 


RARMTURATE ANESTHESIA AND RESPIRATORY FAILURE 


55 


£ 

t 

L 

V 


JO 

X 


O 

o 

O 10 

oo in 


o 
* 
* o 

cvi in 


o 
o 
to o 
CM 


o 

_ CM 
CM in 

2 o 

2 S 

<r e 



Fro. 5. Evipal (10 Per Cent Solution) Anesthesia 
Details are as for Figure 1. Weight of clog, 10.0 kgm. 
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that the combined effects of low oxygen and high 
carbon dioxide in the arterial blood might be 
peculiarly serious. Such is the case. Figure 5 
demonstrates a result of this combination. During 
the course of this experiment on a healthy, ap- 
proximately one-year-old, 10 kgm. dog, it was ob- 
served that the Tissot valve in the expiratory half 
circuit had become stuck in the open position, with 
the effect that the dead space was greatly increased 
and no proper circulation of air took place through 
the soda lime. The animal was thus subjected to 
gradually increasing oxygen shortage and a 
gradual piling up of carbon dioxide. These effects 
were not clinically evident. An active sciatic reflex 
response was present and indicated that the ani- 
mal was only moderately deeply anesthetized. The 
pulmonary ventilation was good with a respira- 
tory rate of 27 and a minute volume of 5420 cc. 
The mean blood pressure was normal at 117 mm. 
Hg. Since the animal was not as deeply anesthet- 
ized as desired, it was decided to give more of the 
10 per cent evipal solution; 0.5 cc. (total dose, not 
per kgm.) was administered. The changes pro- 
duced in the respiration were so slight and so 
fleeting that they probably would not have been 
detected clinically. One minute following the ad- 
ministration of the evipal the respiratory rate was 
25, the minute volume 4900 cc., and the blood pres- 
sure 130 mm. Hg, certainly reassuring. Since the 
animal was still quite obviously not yet deeply 
anesthetized, 0.5 cc. of the anesthetic solution was 
administered as shown, and again only a fleeting 
depression of the respiration and blood pressure 
was apparent. From the records obtained of these 
effects it is evident that the blood pressure suffered 
more severely than in the first instance. Yet it re- 
mained at a fairly’- low level for only about 20 
seconds. It is bardly likely that this brief dip 
would have been detected clinically. If it had 
been, by the time the anesthetist checked it re- 
covery would have taken place, and the first low 
reading would have been put down as error. The 
animal was still not deeply anesthetized, as shown 
by the record of the sciatic reflex just before the 
third dose was administered. At this time the re- 
spiratory rate was 24, the minute volume of 
respiration 5040 cc. and the blood pressure 125 
nun. Hg. Certainly nothing was present that 
could have been detected clinically and that might 
— have warned of impending disaster. Since the 


animal was not yet as deeply anesthetized as de- 
sired, it was decided to administer a further small 
dose of evipal, 0.2 cc. The response to this was 
swift and completely unexpected. The respiration 
slowed at once and entirely failed within a minute. 
The blood pressure fell abruptly. Artificial respi- 
ration was promptly started and ventilation at the 
rate of 5600 cc. per minute was carried out. The 
heart continued to beat for two minutes following 
the respiratory failure and then stopped despite 
the vigorous artificial respiration. The mechanism 
of the death here and its clinical significance will 
be considered in the discussion. 

Figure 4, B. also presents an example of death 
under conditions of high blood carbon dioxide and 
low blood oxygen. This will be discussed in con- 
junction with the example shown in Figure 5, al- 
ready described. 

( 6 ) Figure 6 shows, during the breathing of 
100 per cent oxygen, the increasing effect of a 
moderate elevation of pressure in the airway (5.0 
cm. HnO) with deepening anesthesia, indicated by 
the diminution in the sciatic reflex response. In 
D, the increase in pressure by 5.0 cm. H 2 0 pro- 
duced respiratory failure. The stimulating effect 
of negative pressure (5.0 cm. H 2 0) is also shown. 
In E, the respiratory depression was so great that 
respiration failed even under atmospheric pres- 
sure ; sciatic stimulation produced two breaths. 
Negative pressure caused the respiratory activity 
to be resumed. Figure 7 demonstrates that the 
apnea produced by positive pressure is occasioned 
by a reflex mediated through the vagus ; vagal 
cold blocks permitted the respiration to be re- 
sumed. Figure 8, B, illustrates the power of nega- 
tive pressure to reestablish respiration which has 
failed as a result of carbon dioxide depression. 

DISCUSSION 

The factors responsible for the variability of 
response to a given dose of barbiturate, from one 
patient to another or in the same patient on dif- 
ferent occasions, have in the main been obscure. 
It will be apparent from the data presented and 
the discussion to follow, that variations in oxygen 
supply and carbon dioxide content of tissues and 
blood can exert a powerful influence on the re- 
sponses resulting from given doses of barbiturates. 
However, before these matters are dealt with, it 
should be observed in passing that a reciprocal 
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Fig. 7. Evipal (10 Per Cent Solution) Anesthesia 
Details are as for Figure 1, except on 100 per cent oxygen. Weight of dog, 11 kgm. 


relationship between dosage and pulmonary venti- 
lation is apparent. It is plain that increasing dos- 
age will lead to rather early respiratory failure. 
This holds both for evipal and pentothal. The 
tendency is demonstrated for the latter in Figures 
1, B. D, F, where in round numbers the initial 
ventilation under light anesthesia was 6 liters per 
minute, under moderately deep anesthesia 4.5, and 
under deep anesthesia 3. In these 3 cases the ef- 
fective respirator}- impulses from the center have 
been reduced from 3S to 27 to 17 per minute. 


The center loses much of its sensitivity to its 
major normal stimulus, carbon dioxide. This is 
demonstrated in Figure 1, A, C, E. In round 
numbers this is reflected in a decrease in total 
response above “ normal ” to the “ standard ’ 
carbon dioxide stimulus, from 21 liters per min- 
ute to 5 to 2. Figure 8, A, B, illustrates the 
change from a tremendous stimulation to a frank 
depression with respiratory failure in response to 
a given concentration of carbon dioxide. Evipal 
was the anesthetic in this case. 
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While the barbiturates rapidly diminish and 
finally eliminate the sensitivity of the respirator}’' 
center to carbon dioxide, the response to low 
oxygen is reduced very little as shown in Figure 
1 and Table I. The same final minute volume 
response to low oxygen at the three widely dif- 
fering levels of anesthesia suggests that, under 
moderate to deep barbiturate anesthesia, the res- 
piration is chiefly maintained by mechanisms 
which are activated hy low oxygen stimulation, 
which is in agreement with Schmidt (11), Cordier 
and Heymans (2), and Marshall and Rosenfeld 
(6). As demonstrated by Moyer and Beecher 
(8), central stimulation of low oxygen is impor- 
tant, although only under very light anesthesia, as 
well as peripheral stimulation, arising chiefly in 
the carotid and aortic bodies as shown by Hey- 
mans and others. It is interesting to observe that 
even at the deep level of anesthesia no loss of 
sensitivity to the low oxygen concentration em- 
ployed is apparent, although the initial ventila- 
tions were in each case progressively smaller, pre- 
sumably due to central depression by the bar- 
biturate, resulting in the loss of sensitivity to the 
normal central stimulus, carbon dioxide. 

The increasing effectiveness of small doses of 
the barbiturates is illustrated in Figure 1 and 
Table I. It will be recalled in the case of the vola- 
tile anesthetic agents, ether for example, that the 
concentration of this agent in the blood required 
to produce loss of consciousness is only one-third 
of that necessary to produce light surgical anes- 
thesia, yet a small increase in ether concentration 
in the blood after the surgical - level has been 
reached will carry the subject from light to dan- 
gerously deep anesthesia. In the case of the vola- 
tile agents, this clinical effect depends upon the 
approach of saturation of the lipoid structures 
with the fat-soluble anesthetic agents. Whether a 
comparable “ saturation ” occurs in the case of 
the barbiturates is not known. If such were the 
case, it would be of great interest to know where 
the barbiturates are concentrated. 

Inasmuch as the short-lasting barbiturates, evi- 
pal and pentothal, depress the central drive mech- 
anism more than the reflex drives of respiration, 
the masking of serious barbiturate depression by 
oxygen tensions that are below normal is not sur- 
prising in view of the fact that low oxygen stimu- 
lates breathing reflexly (excepting, of course, those 
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cases where the central sensitivity to cH + is very 
high and carotid and aortic sensitivity is very 
low). The clinical implications of this masking 
are so obvious that they need no discussion. A 
sudden increase in the oxygen content of the in- 
spired air, even though it he slight, reveals, by 
virtue of the associated reduction of chemoreflex 
stimulation, the depressant action of the bar- 
biturate (Figures 1, B. D, F and 3, B). Such 
respiratory depression, coupled with the already 
demonstrated loss of sensitivity of the respirator)' 
center to carbon dioxide, can lead to a particularly 
serious form of depression. The sequence of 
events is probably as follows: Barbiturate anes- 
thesia is administered to the subject. The sensi- 
tivity of the center to H + is reduced. After the 
center’s H* sensitivity is greatly impaired or en- 
tirely destroyed the anoxic stimuli maintain pul- 
monary ventilation that is dependent upon oxygen 
level and the effectiveness of reflex drive. The 
anesthetist observes that the reflex drive is in- 
adequate to maintain proper oxygenation if the 
subject’s color is poor and he increases the oxygen 
concentration in the inspired air. The carotid 
and aortic body stimuli set up by the low oxygen 
are thus decreased, as the blood oxygen content 
approaches normal. Loss of the low oxygen stim- 
uli allows the true state of affairs to become 
apparent to the discerning observer. The sub- 
ject’s respirations are found to be seriously de- 
pressed as a result of the barbiturate action ; how- 
ever, the high concentration of oxygen in the 
inspired air still maintains an adequate blood color 
and the vasomotor status is good. During this 
period the subject’s good color keeps attention 
from the fact that the respiration is not adequate 
as far as the excretion of carbon dioxide is con- 
cerned, for the center lias lost much of its ability 
to respond to the high concentration of carbon 
dioxide in the blood. The carbon dioxide piles up 
until it, too, becomes a true depressant (Figure 8, 
B). Suddenly the respiration fails. The high 
carbon dioxide blood content, having first stimu- 
lated, then depresses. Blood pressure finally falls 
precipitously. Irreversible changes swiftly take 
place and, notwithstanding artificial respiration, 
death occurs. 

The effect of low oxygen in masking the true 
depressant action of the barbiturate must not be 
considered as in itself a good thing, for the dan- 


gers inherent in a low oxygen intake are still 
present. They are too well known to need dis- 
cussion. The masking effect will, of course, pass 
when the availability of oxygen in the tissues falls 
so low that the anoxia itself effects a depression. 
During the respiratory depression carbon dioxide 
piles up in the blood and tissues. In such a case, 
when the masked depression is carried to the 
breaking point, the additive effects of the depres- 
sion caused by low oxygen, the depression caused 
by the high carbon dioxide, and the depression of 
the barbiturate, working together not only upon 
the respiratory center but upon the vasomotor 
center as well, swiftly produce changes which lead 
to death. Figure 4 illustrates the rapid failure of 
respiration while the blood color improved, with 
death due finally to a combination of low oxygen, 
high carbon dioxide and drug depression. 

The circumstances which lead to the death of 
the animal pictured in Figure 5 might easily have 
their counterpart in the clinic (and probably often 
have had). Following the sudden death of a 
patient under barbiturate anesthesia, the statement 
is often heard that death was wholly unexpected 
and occurred without warning. The writers must 
admit to a considerable scepticism in the past as 
to the quality of the observation which allowed 
such statements to be made. It would seem that 
such an attitude is unjust, for in the laboratory 
at least it has repeatedly been possible to produce 
4< sudden death without clinical warning ’\ It is 
evident from Figure 5 that until the very end 
nothing was apparent in the condition of the only 
moderately deeply anesthetized subject that could 
have reasonably been detected clinically and have 
warned of impending death. This is to be ex- 
plained, we believe, upon the basis just described 
of low oxygen masking the true depression of the 
barbiturate while carbon dioxide gradually accu- 
mulated to a depressant degree. The low oxygen, 
high carbon dioxide and the final, although very 
small, dose of barbiturate produced a depression 
of the respiratory and vasomotor centers which 
could not be overcome by vigorous artificial respi- 
ration. 

The respiratory depression and failure pro- 
duced by relatively slight elevation of pressure in 
the airway under the barbiturates during the 
breathing of 100 per cent oxygen, as shown in 
Figures 6 and 7, need further study before their 
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cases where the central sensitivity to cH + is very 
high and carotid and aortic sensitivity is very 
low). The clinical implications of this masking 
arc so obvious that they need no discussion. A 
sudden increase in the oxygen content of the in- 
spired air, even though it he slight, reveals, by 
virtue of the associated reduction of chemoreflex 
stimulation, the depressant action of the bar- 
biturate (Figures 1, 13, D, F and 3, B). Such 
respiratory depression, coupled with the already 
demonstrated loss of sensitivity of the respiratory 
center to carbon dioxide, can lead to a particularly 
serious form of depression. The sequence of 
events is probably as follows: Barbiturate anes- 
thesia is administered to the subject. The sensi- 
tivity of the center to H + is reduced. After the 
center’s H* sensitivity is greatly impaired or en- 
tirely destroyed the anoxic stimuli maintain pul- 
monary ventilation that is dependent upon oxygen 
level and the effectiveness of reflex drive. The 
anesthetist observes that the reflex drive is in- 
adequate to maintain proper oxygenation if the 
subject’s color is poor and he increases the oxygen 
concentration in the inspired air. The carotid 
and aortic body stimuli set up by the low oxygen 
are thus decreased, as the blood oxygen content 
approaches normal. Loss of the low oxygen stim- 
uli allows the true state of affairs to become 
apparent to the discerning observer. The sub- 
ject’s respirations are found to he seriously de- 
pressed as a result of the barbiturate action ; how- 
ever, the high concentration of oxygen in the 
inspired air still maintains an adequate blood color 
and the vasomotor status is good. During this 
period the subject’s good color keeps attention 
from the fact that the respiration is not adequate 
as f ar as the excretion of carbon dioxide is con- 
cerned, for the center has lost much of its ability 
to respond to the high concentration of carbon 
dioxide in the blood. The carbon dioxide piles up 
until it, too, becomes a true depressant (Figure 8, 
®)- Suddenly the respiration fails. The high 
carbon dioxide blood content, having first stimu- 
lated, then depresses. Blood pressure finally falls 
precipitously. Irreversible changes swiftly take 
place and, notwithstanding artificial respiration, 
death occurs. 

The effect of low oxygen in masking the true 
depressant action of the barbiturate must not be 
considered as in itself a good thing, for the dan- 


gers inherent in a low oxygen intake are still 
present. They are too well known to need dis- 
cussion. The masking effect will, of course, pass 
when the availability of oxygen in the tissues falls 
so low that the anoxia itself effects a depression. 
During the respiratory depression carbon dioxide 
piles up in the blood and tissues. In such a case, 
when the masked depression is carried to the 
breaking point, the additive effects of the depres- 
sion caused by low oxygen, the depression caused 
by the high carbon dioxide, and the depression of 
the barbiturate, working together not only upon 
the respiratory center but upon the vasomotor 
center as well, swiftly produce changes which lead 
to death. Figure 4 illustrates the rapid failure of 
respiration while the blood color improved, with 
death due finally to a combination of low oxygen, 
high carbon dioxide and drug depression. 

Tlie circumstances which lead to the death of 
the animal pictured in Figure 5 might easily have 
their counterpart in the clinic (and probably often 
have had). Following the sudden death of a 
patient under barbiturate anesthesia, the statement 
is often heard that death was wholly unexpected 
and occurred without warning. The writers must 
admit to a considerable scepticism in the past as 
to the quality of the observation which allowed 
such statements to be made. It would seem that 
such an attitude is unjust, for in the laboratory 
at least it has repeatedly been possible to produce 
“ sudden death without clinical warning It is 
evident from Figure 5 that until the very end 
nothing was apparent in the condition of the only 
moderately deeply anesthetized subject that could 
have reasonably been detected clinically and have 
warned of impending death. This is to be ex- 
plained, we believe, upon the basis just described 
of low oxygen masking the true depression of the 
barbiturate while carbon dioxide gradually accu- 
mulated to a depressant degree. The low oxygen, 
high carbon dioxide and the final, although very 
small, dose of barbiturate produced a depression 
of the respiratory and vasomotor centers which 
could not be overcome by vigorous artificial respi- 
ration. 

The respiratory depression and failure pro- 
duced by relatively slight elevation of pressure in 
the airway under the barbiturates during the 
breathing of 100 per cent oxygen, as shown in 
Figures 6 and 7, need further study before their 
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full clinical significance can be estimated. For 
example, how applicable these findings are to mo- 
mentary blockage of the airway by the tongue and 
to the probable alterations of vagal proprioceptive 
reflex balance of asthmatics is not clear. If this 
type of reflex respiratory failure is produced in 
asthmatics during barbiturate anesthesia, a con- 
traindication to the use of these barbiturate agents 
would be evident on this basis alone, and a more 
complete explanation would be at hand for the 
vague clinical impression that barbiturate anes- 
thesia should not be administered to asthmatics. 

However, there is no need to speculate on this 
unexplored aspect of the asthmatic problem, for 
enough objective data are at hand to indicate how 
hazardous the use of these agents in asthmatics 
can be. The dangers of oxygen want and a high 
blood carbon dioxide level have been shown. 
These are the very conditions encountered in 
asthma. The alveoli are ventilated poorly and 
some of them not at all. The normal gaseous 
exchange is grossly interfered with. The alveolar 
air contains a high percentage of carbon dioxide 
and a low percentage of oxygen, and the blood 
contains a low oxygen content with retention of 
carbon dioxide. The tendency of carbon dioxide 
to pile up in the blood of the asthmatic is accel- 
erated by the impairment of the sensitivity of the 
respiratory center to carbon dioxide by the bar- 
biturate. As the barbiturates are administered, 
the peripheral chemoceptors activated by the low 
oxygen stimuli mask the overdosage present. The 
high carbon dioxide blood content causes the level 
of serious overdosage to be reached sooner than 
would normally be the case. Suddenly the low 
oxygen stimuli are no longer adequate to main- 
tain respiration ; the low oxygen becomes of itself 
depressant. The low oxygen depression, the car- 
bon dioxide depression and tbe barbiturate de- 
pression, acting together, swiftly damage the or- 
ganism. It is no wonder that asthmatic patients 
“ do not do well " under barbiturate anesthesia. 

It is evident that there is no need to add a 
possible vagal proprioceptive reflex tending to 
produce respiratory failure to the already suffi- 
cient reasons why barbiturate anesthesia in asth- 
matics is dangerous. Certainly the above demon- 
stration of respiratory failure as a result of a 
little increase in pressure in the airway offers 
further cogent reason why barbiturate anesthesia 


should not be employed in patients who may re- 
quire positive pressure anesthesia as in some types 
of thoracic surgery. 

It follows from the remarks concerning asthma 
that the use of barbiturate anesthesia in emphy- 
sematous patients is ill-advised. While the tidal 
excursion in emphysema may be essentially nor- 
mal, the residual air (as in the asthmatic) is 
greatly increased with corresponding decrease 
therein of oxygen tension and elevation of carbon 
dioxide to 50 to 60 mm. Hg, 7 to 8 per cent. 
The arterial blood saturation may be only a little 
below normal or it may go as low as 85 per cent 
(1). Why the gaseous exchange is impaired as 
much as it is in emphysema has not been com- 
pletely explained. The relative insensitivity to 
carbon dioxide in emphysema further increases 
the hazard of barbiturate use. Morphine must 
be used with caution since it reduces the carbon 
dioxide sensitivity of the center. 

Similar contraindications to the use of bar- 
biturate anesthesia are apparent in the respiratory 
and blood gas exchange alterations effected by 
cardiac disease. 

In diabetes mellitus accumulation of abnormal 
acids is found in the blood ; on being buffered by 
plasma bicarbonate these acids disturb the 
HoC 0 3 /BHC0;. ratio in the direction of acidemia. 
In uncompensated acidemia the hazards of the 
use of these agents are greater than in normal 
individuals. 

Since one of the most important functions of 
the kidneys is the regulation of the acid-base 
balance of the plasma, acidemia frequently results 
from renal insufficiency. Therefore, the bar- 
biturates are contraindicated for the reasons men- 
tioned above. Factors such as these probably 
account for the fairly'- widespread reluctance to 
employ these barbiturates in patients with kidney 
disease, rather than any considerations of kidney 
excretion of the agents or their breakdown prod- 
ucts, since kidney excretion does not appear to be 
of importance in the case of the short-lasting 
barbiturates. 

Many other clinical conditions could be con- 
sidered wherein the use of the barbiturates ap- 
pears to be unwise. Such a list would include, 
surgical shock, among others, all conditions that 
result in a low blood or tissue oxygen or a high 
carbon dioxide blood level, or both. 
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SUMMARY 

The mechanisms of respiratory failure under 
evipal and pentothal anesthesia have been studied 
in experiments upon 43 dogs in order to get a 
better understanding of the factors involved in 
the variability of effect produced by given doses 
of the barbiturates. Three simultaneous records 
of respiration were made: tidal, costal and dia- 
phragmatic, as well as a record of blood pressure. 
Depth of anesthesia was followed by records of 
the activity of a spinal reflex with frequent notes 
as to the state of the corneal and lid reflexes. 
Doubtless many still unknown factors are in- 
volved in the variability of action of these agents ; 
however, several conditions frequently encoun- 
tered clinically, which are capable of enhancing 
the toxic effects of the agents, are described. 

Over a wide range of anesthesia, low oxygen 
in the inspired air effects a great increase in pul- 
monary ventilation. Although with increasing 
depth of anesthesia the initial minute volumes 
were progressively smaller, low oxygen produced 
the same final ventilation over the wide range of 
anesthesia studied (Figure 1, B, D, F). Even at 
the deep level of anesthesia considered, no loss of 
sensitivity to this stimulus was apparent with the 
oxygen concentration studied. Several demon- 
strations of the effect of a low oxygen tension in 
the blood in temporarily masking serious bar- 
biturate depression are provided (Figures 1, B, 
D, F and 3, B). This effect is revealed by sub- 
stituting room air for the low oxygen mixture 
being inspired. When the oxygen tension is very 
low it finally exerts a depressant effect which, on 
being added to the depressant action of the bar- 
biturates, leads to death. 

The effect of high oxygen in depressing the 
respiration which has been maintained in whole or 
ln P ar t by carotid and aortic mechanisms (acti- 
vated by low oxygen) has been recognized, as far 
as the effect itself goes, for many years. This 
effect is present under evipal and pentothal. The 
elimination of the carotid and aortic activity by 
adequate oxygen tensions can be fatal (Figure 
4). 

Respiratory failure following the administration 
°f relatively small doses of barbiturates when the 
blood carbon dioxide content is high is shown 
(Figure 1, C, E). 


The sensitivity of the respiratory center to its 
normal stimulus, carbon dioxide, diminishes (Fig- 
ure 1, A, C, E and Table III) and is finally lost 
under the barbiturates. The carbon dioxide finally 
becomes a serious depressant (Figure 8). A high 
concentration of carbon dioxide in the inspired air 
increases the sensitivity of the respiration to a 
given dose of barbiturate (Figure 1, A, C, E). 

A combination of low oxygen and high carbon 
dioxide in the inspired air is particularly hazard- 
ous. Low oxygen masks the true depressant ac- 
tion of the barbiturate until later a point is reached 
when the low oxygen stimulation is no longer 
capable of supporting the respiration, but becomes 
itself depressant, and adds to the depressant ac- 
tion of the high carbon dioxide and the barbitu- 
rate, with a fatal outcome. This probably explains 
the “ deaths without warning ” described clinically 
(Figure 5). 

The powerful influence exerted by various oxy- 
gen and carbon dioxide contents of the blood upon 
the response to a given dose of barbiturate is ap- 
parent. It is probable that variations in these gas 
tensions account in part for the well-known puz- 
zling clinical variability of action of the barbi- 
turates. 

Respiratory depression and failure, as a result 
of a small elevation of pressure in the airway un- 
der barbiturate anesthesia and 100 per cent oxygen 
administration, are shown (Figure 6) ; they are 
due to a reflex mediated through the vagi (Figure 
7) . The clinical implications of this effect are dis- 
cussed. 

The increasing effectiveness of small doses of 
barbiturates, with increase in depth of anesthesia, 
and the reciprocal relationship of pulmonary venti- 
lation to increasing barbiturate dosage are dis- 
cussed. 

The use of barbiturates appears to be contra- 
indicated in conditions where the blood oxygen 
may be low or the carbon dioxide high. If these 
conditions occur during barbiturate anesthesia, the 
results can be disastrous. Not only is it important 
to maintain a good blood color under the barbi- 
turates, it is equally important to see to it that the 
pulmonary ventilation is adequate in order to pre- 
vent the piling up of carbon dioxide in the tissues. 
The use of synthetic carbon dioxide is contraindi- 
cated as a respiratory stimulant during barbiturate 
anesthesia unless artificial respiration is being 
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given. In this case probably 5 per cent carbon 
dioxide should be administered in order to avoid 
excessive depletion of carbon dioxide. 
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The purpose of this paper is ( a ) to indicate 
the amount of radio-phosphorus (P 32 ) retained 
by various fractions of the blood of 4 normal 
individuals, 12 patients with myeloid, and 15 with 
lymphoid leukemia, and the variations in retention 
following the administration of radio-phosphorus 
when given orally and/or intravenously and when 
accompanied by varying amounts of non-radio- 
active phosphorus (P 31 ) ; ( b ) to indicate the dis- 
tribution of P 22 in the bone marrow and in various 
fractions of white blood cells ; and ( c ) to indicate 
the amount of radio-phosphorus excreted in urine 
and feces in these cases. 

MATERIALS AXD METHODS 

The radioactive phosphorus was produced by the Berke- 
ley cyclotron (1). The 4 normal individuals were ro- 
bust, ambulatory workmen with recently healed frac- 
tures, all of whom had received the same type and 
quantity of food over a period of from 1 to 8 weeks, 
and each of whom had a single regular bowel movement 
daily during the same period previous to the adminis- 
tration of P n . It was impossible to control the diets 
or the time of excretion of the patients, all of whom were 
ambulatory. The blood withdrawn from veins was hep- 
arinized, cooled and centrifuged exactly 20 minutes at 
1450 times gravity to insure constant volume. The buffy 
coa/ was aspirated, suspended in equal amounts of hep- 
arinized Ringer's solution and centrifuged exactly 20 
uiinutes at 1450 times gravity. The plasma was then 
removed from the original tube and finally the red blood 
cells were extracted. Bone marrow obtained by sternal 
aspiration was heparinized and centrifuged, as described 
previously. In some instances, the nuclei were separated 
* rom the cytoplasm of the peripheral white blood cells 
by violent agitation for 20 minutes in cold 5 per cent 
citric acid (2). The phospholipids were extracted from 
the white blood cells by the use of ether, alcohol and 
reflux condensers, and the acid-soluble substances by use 
of ice-cold 5 per cent trichloracetic acid, thereby leaving 

1 These investigations have been aided by a grant from 
the John and Mary R. Markle Foundation. 

2 Wm. R. Kenan, Jr., Fellow. 


the nucleoprotein-like substances as residue (3). The 
assays of radioactivity were made by use of an elec- 
trometer. 

RESULTS 

The average percentages of the dose of admin- 
istered P 22 retained per 100 cc. of red blood cells, 
white blood cells and plasma of the normal indi- 
viduals and of the patients are listed in Table I 
and illustrated in Figure I. 3 The amounts and 
the method of administration of P 32 , the number 
of cases studied, and the intervals in time are 
also noted. No attempts were made to correct for 
variations in the metabolic rate, blood volume, 
kidney and hepatic functions, diet, age, weight, 
etc. of the cases studied. In computing the aver- 
ages (Table I), the determinations obtained from 
both acute and chronic cases of leukemia were 
used. The acute cases are indicated. 

(a) Retention of P 32 in whole blood . It can 
be observed that more P 32 was retained, during 

3 All determinations in figures and tables were cor- 
rected for decay of radio-phosphorus (the half-life of 
which is 14.3 days) to date of administration. 1 micro- 
curie (pc) or 1/1000 millicurie (Me) is equal to 37,000 
beta particles per second. 

It must also be pointed out that all the doses of P” 
administered to the patients discussed in this paper were 
“therapeutic” and not “tracer” in nature, for even the 
smallest dose (540 microcuries) administered caused a 
decrease in the white blood cell levels of the patient. 
Therefore, the values obtained in the various metabolic 
studies must be considered as having been “ conditioned ” 
by the biological effects of the beta radiation emitted by 
the P 12 and the information about cellular metabolism, 
which was obtained incidental to therapeutic attempts, 
must be interpreted with reservation and caution. 

Although the average doses of radio-phosphorus ad- 
ministered orally to the various groups (normal, myeloid 
and lymphoid) are not similar, those administered intra- 
venously are comparable (Table I). 


567 





RADIO-PHOSPHORUS IN LEUKEMIA 


569 


* Administrations f 


Ora! 


Intravenous 

Mgm. of 
NaiPOi 

Mlcroctirics 
of P« 

Cases 

Cases 

Microcuries 

Of PJ* 

... 1 

Mgm. of 
NaiPO* 


Average 



I 

Average 


600 

1500 

1 

Normal 

1 

1500 

600 

600 

1500 

2 


2 

1500 

600 


1500 




1500 


50 

850 

1 

Myeloid 

1 

765 

100 

830 

1000 

! 2 


2 

765 

3000 

150 

2300 

3 


3 

850 

50 

2000 

2300 

4 


4 

1140 

150 

1250 

4700 

5 


5 

1260 

150 

3000 

4700 

6 


6 

1950 

300 

2800 

5960 

7 


7 

2000 

143 

2400 

7200 

8 

-►acute 

8 

2000 

2000 

20 

12600 

9 


9 

2350 

300 





10 

2350 

2000 


4623 












1543 




i 

i 

Lymphoid 




5180 

2440 

1 


1 

540 

150 

450 

3000 

2 1 


2 

1360 

150 

3000 

3000 

3 

—►acute acute*— 

3 

1900 

150 

3000 

3050 

4 


4 

1998 

180 

1500 

3300 

5 

acute*— 

5 

2160 

180 

750 

4000 

6 


6 

2250 

300 

142 

4270 

7 


7 

2550 

2000 

300 

5000 

8 


8 

2600 

300 

750 

5000 

9 


9 

2600 

2000 

3480 

11680 

10 


10 

5000 

' 450 


4474 




2295 

1 



t The cases recorded here will be described individually and in detail elsewhere. 


the period studied, in the whole blood of the 
patients than in that of the normal individuals , 
and that the concentration reached higher levels 
in both groups when the P 32 was administered 
intravenously. This last feature was found to be 
true in all of the fractions of the blood. 

(b) Retention of P 32 in red blood cells . The 
same features were found as discussed under (n). 

(0 Retention of P 32 in white blood cells . The 
concentration of P 32 in the white blood cells of 
the patients was considerably higher than that in 
the white blood cells of the normal individuals. 
The metabolic rates of the white blood cells were 
not determined. The concentration of P 32 in the 
white blood cells of the leukemic patients (par- 
ticularly the lymphoid cells) was higher following 
the administration of P 32 by the intravenous than 
by the oral route. 

(d) Retention of P 32 in plasma. The concen- 
tration of P 32 was higher in the plasma after in- 


travenous than after oral administration for a 
short period of time only — approximately 2 to 4 
hours. This finding was present in the normal 
individuals and in the patients. 

Figure 2 also shows that there is more retention 
of radio-phosphorus in blood fractions following 
intravenous than following oral administration in 
individual patients receiving P S2 by both routes, 
and that when relatively large amounts of P 31 
accompany the radioactive phosphorus, regardless 
of route of administration, less of the latter is 
retained by the fractions. One patient (Case 34) 
retained about as much P 32 in the blood fractions 
after its oral administration, when accompanied 
with a small amount of P 31 , as when the same 
quantity of radio-phosphorus was administered 
intravenously in the presence of more than 10 
times more P 31 . 

Figure 3 shows that with one exception (R.B.C. 
of Case 23) the retention of P 32 was less in the 
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ORAL ADMINISTRATION 

NO. or CASE 5 \ 2 

STUDIED J ~ ~ _T % 


„ normal 

MYEL 01 b LEUKEMIA 
LYtIPHO/O LEUKEMIA 


INTRAVENOUS ADMINISTRATION 



2 

to 

to 



Fig. 1. Average Retention, in Blood Fractions, of P 32 Administered Orally and Intravenously in NoR' 

mal Individuals and in Patients with Leukemia 


blood fractions when large amounts of P 31 accom- 
panied the P 32 than when small amounts of non- 
radioactive phosphorus were introduced at the 
same time. 

Table II indicates that P 32 is retained in the 
marrow in slightly higher concentrations than cor- 
responding fractions in the peripheral blood at 
the same time period. The nucleated cells of the 
marrow include the nucleated red cells. 

Table III indicates that the volumes of nuclei 
and cytoplasm of lymphocytes are about equal, 
while in myelocytes the nuclei comprise but about 
y 5 to y 3 of the volume of the cell. The ratio of 
the amounts of P 32 retained in the lymphocyte 


nuclei to the cytoplasm is about 1 to 1, while 
in the myelocytes the ratio is 4 to 1 in the cases 
studied. Constant volumes were obtained by cen- 
trifuging samples for exactly 20 minutes at 1450 
times gravity. 

Table IV indicates that up to 48 hours after 
administration of P 32 the greatest concentration 
occurs in the acid-soluble fraction of leukemic 
white blood cells. In 2 patients (Cases 28 and 
67), it was noted that the concentration of P 3 ' 
in the phospholipid and nucleoprotein fractions 
gradually increased following the administration 
of radio-phosphorus, while that in the acid-soluble 
fraction decreased. At the end of a period of 96 
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Fig. 2. Variations in Retention, in Blood Fractions, of P 32 Administered Intravenously and Orally 
When Accompanied by Large and Small Amounts of Sodium Phosphate 


hours after the administration, the concentration 
of P 32 in the nucleoprotein fraction was equal to 
or greater than the acid-soluble fraction in 4 of 
the 5 cases studied. 

Figure 4 and Table V indicate the average per 
cent of the dose of administered P 32 excreted in 
the urine and feces. When P 32 is administered 
orally, from 15 to 50 per cent is excreted in the 
urine and feces in both normal individuals and 
patients during a 4- to 6-day period. In normal 
individuals the same percentages are excreted when 
F 32 is administered intravenously, but in the pa- 
tients from 5 to 25 per cent is excreted. When 


administered orally, the greater part of the P 32 is 
excreted in the feces; when intravenously, a very 
small but definite amount is excreted in the feces. 
Normal individuals excrete large quantities in the 
urine following intravenous administration. In 
leukemic patients radio-phosphorus is probably 
more quickly fixed in the pathological tissues and 
cells (3, 4). 

discussion 

It has been observed (3, 5) that leukemic mice 
and their tissues retain more radio-phosphorus 
than normal mice and their tissues, that the con- 
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TABLE IV 


Retention of radio-phosphorus in the phospholipid , acid-soluble and nucleoprotein fractions of leukemic cells 


Case number 

! Type of leukemia 

Millicurics 

of 

administered i 

! 

Route 

of 

administration 

Hours after 
adminis- 
tration 

Fractionation of white blood cells 

Phospho- 

lipids 

Acid- 

soluble 

Nuclco* 

protein 




j 



sic. per cc. 


67 

Lymphoid 

5 

Oral 

12 ! 

0.0048 | 

0.0465 

0.0081 





24 

0.0099 

0.0435 

0.0111 





48 

0.0162 

0.0417 

0.0147 





96 

0.0228 

0.0187 j 

0.0393 

61 

Lymphoid 

2 

Intravenous 

96 

0.0068 

0.0079 

0.0248 

28 

Myeloid 

1.95 

Intravenous 

4 

0.0018 

0.0195 

0.0027 





24 

0.0039 

0.0190 

0.0058 





48 

| 0.0037 

j 0.0160 

0.0077 





96 

0.0057 

' 0.0117 

0.0105 . 

14 

Myeloid 

0.87 

Intravenous 

12 

0.0055 

0.0064 

0.0036 





120 

0.0018 

0.0016 

0.0018 

21 1 

Myeloid 

0.76 

Intravenous 

48 

0.0031 

0.0042 

0.0065 

1 




120 

0.0036 

0.0035 

0.0059 


TABLE V 


Average per cent of dose of P Z2 administered orally and intravenously (see below *) which was excreted in the urine and 

feces of normal individuals and patients with leukemia 


Days 

t 

i 

i 

2 

i 

3 j 

4 

5 

1 

6 1 

Number 
of cases ! 
studied* 

j 

Number 
of cases 
studied* 

1 

2 

3 

4 

5 

6 








1 

Urine j 

! 


| 






8.66 

1.83 

1.50 

0.93 

1.07 

0.83 

2 

Normal 

2 

27.16 

4.26 

1.99 

1.58 

1.50 

i.n 


5.11 

1.71 

0.909 ! 

0.707 

0.634 

0.634 

7 

Myeloid 

4 

5.50 

2.55 

3.88 

0.97 

0.23 



3.86 

1.63 

1 

0.98 S 

0.87 



2 

Lymphoid 

6 

4.19 

1.81 

0.86 

0.96 

0.56 

0A 


i 

1 

j 







Feces 




j 




1 

I7.76j 

1.55 

0.30 

0.06 


0.03 


Normal 


0.089 

0.35 

0.24 

0.16 

0.02 

0.03 


11.05 

5.79 

4.64 

1.746 

1.08 

1.09 


Myeloid 


1 0.25 

0.16 

0.27 

0.14 


t 0.03 

I 

2.33 

9.75 

9.3 | 

9.28 


f 

1 

i 

Lymphoid 

! 


0.022 

0.177 

0.638 

0.484 

0.35 

0.68 


* Administrations 


Oral 


Intravenous 

Mgm. of 
NasPO. 

Microcuries of P 33 

Cases 

Cases 

Microcuries of P 32 

Mgm. of 
Na:PO< 

600 

600 

1500 

1500 

Average 

1500 

1 

2 

Normal 

1 

2 

1500 

1 500 

Average 

1500 

■ 

■ 

930 

1000 

3000 

3000 

2800 

20 

3850 

4000 

4700 

4700 

4700 

5960 

12600 

5787 

1 

2 

3 

4 

5 

6 

7 

Myeloid 

\ 

1 

2 

3 

4 

870 

1140 

1260 

1950 

1305 

1 

■b 

,i 

750 

142 

4000 

4270 

4135 

1 

2 

Lymphoid 

i 

! 

1 

1 

2 

3 

4 

5 

6 


2159 

150 

150 

ISO 

180 

180 

450 
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centration of radio-phosphorus in the nucleopro- 
tein fraction of leukemic cells of mice increased, 
while that of the acid-soluble fraction decreased 
during a 4-day period, that large quantities of 
non-radioactive phosphorus, when accompanying 
radio-phosphorus on administration, tend to re- 
duce the amount of P 22 retained in the bodies of 
mice. Similar findings are apparent in humans, 
as reported in this paper. 

The following features were also noted; (a) 
more radio-phosphorus is retained by patients with 
leukemia when it is administered intravenously 
than when given orally; ( b ) marrow retains radio- 
phosphorus in higher concentrations than blood 
per unit volume and at the same time period ; and 
(c) relatively greater concentrations of P 32 occur 
in the nuclei than in the cytoplasm of myeloid leu- 
kemic cells, while no differences in retention of 
P 32 were noted in the nuclei and cytoplasm of the 
lymphoid cells studied. From the findings pre- 
sented above phosphorus apparently passes from 
the acid-soluble substances of leukemic white blood 
cells (presumably through enzymatic carrier sys- 
tems) to substances of nucleoprotein and phos- 
pholipid character. The practical point to be 
emphasized is, that if high concentrations of radio- 
phosphorus are to be obtained in circulating white 
blood cells, P 32 should be introduced intravenously 
and it should be accompanied by the smallest 


amount of non-radioactive phosphorus possible. 
Reducing the phosphorus intake in the diet should 
also be considered. 

SUMMARY 

1. The variations in the retention of adminis- 
tered radio-phosphorus in blood of normal indi- 
viduals and leukemic patients due to routes of 
administration and to amounts of accompanying 
non-radioactive phosphorus are presented. 

2. The amounts of radio-phosphorus excreted 
in the urine and feces, after its administration 
both orally and intravenously, are given. 
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“Tracer” doses of radio-phosphorus (P 32 ) are 
small amounts which are conceivably insufficient to 
cause significant changes in the metabolism of the 
animal's cells in which they are retained, while 
“therapeutic” doses are large amounts of P 32 
which significantly alter the metabolism of cells 
because of the quantity of beta- radiation spon- 
taneously emitted. A previous paper (1) pre- 
sented the retention of radio-phosphorus, which 
had been administered intraperitoneaiiy, in “ phos- 
pholipid ”, “ acid soluble ” and u nucleoprotein ” 
fractions of various tissues of normal mice and 
mice with generalized lymphomata. This paper 
presents the retention of P 32 in the same fractions 
of similar groups of mice following the adminis- 
tration of both u tracer ” and “ therapeutic ” doses 
of radio-phosphorus. 

materials and methods 

The same materials, methods and techniques were used 
m this experiment as in the experiment mentioned above. 
The radio-phosphorus was produced by the Berkeley cy- 
clotron (2) and converted into a sodium phosphate (15 
mgm. per cc.) solution which was sterilized and assayed 
for radioactivity. It has been determined (unpublished 
data) that a dose of radio-phosphorus emitting 70 micro- 
codes of beta radiation given intraperitoneaiiy (as a 
sodium phosphate solution containing P M ) is lethal for 
™ice weighing 20 grams in one to two weeks. The 
tracer 99 dose of P” used in this experiment consisted of 
% cc. of a sodium phosphate solution that contained 7,5 
m gm, of Na 2 HP0 4 at a pH of 7.4, and emitted 8 micro- 
curies on the day of administration. The " therapeutic ” 
ose used in this experiment was of the same volume, the 
same concentration of Na.HFO, and the same pH, but 

x This investigation has been aided by a grant from 
1 ^ an ^ Maty R. Markle Foundation. 

"William R. Kenan, Jr., Fellow. 


emitted 80 microcuries of beta radiation on the same day. 
Five-tenths per cent, 1 per cent, 2 per cent, 5 per cent 
and 10 per cent quantities of both solutions, accurately 
measured, were kept as reference samples and their 
radioactivities were compared with those of the fractions 
studied, thus obviating calculations for decay of radio- 
phosphorus. All measurements of radioactivity were 
made by the use of a DuBridge type of ion chamber 
electrometer. 

One hundred and seventy-six highly inbred Strong A 
strain mice (each weighing between 18 and 22 grams) 
were housed in thirty-two clean wire-bottomed cages, 
were fed almost identical amounts of Purina dog chow 
and oats ten days before and during the experiment, and 
were divided into 16 groups. Eight groups of 10 mice 
each (5 males and 5 females) served as the control or 
normal series. Eight groups of 12 mice each (6 males 
and 6 females), which served as the leukemic series, 
were injected intraperitoneaiiy with 15 million cells of 
a lymphoma (3) fourteen days before being sacrificed. 
This lymphoma “takes” 100 per cent in the Strong A 
strain, produces uniform generalized leukemic infiltra- 
tions of the liver, spleen and lymph nodes and, in addi- 
tion, grows in the peritoneal cavity as a very cellular, 
non-necrotic localized tumor mass. Six of the 176 died 
before completion of the experiment and were discarded. 
The remaining 170 were sacrificed twelve, twenty-four, 
thirty-six and forty-eight hours after intraperitoneal in- 
jections of “tracer” (8 microcuries per mouse) and 
" therapeutic ” (80 microcuries per mouse) doses of 
radio-phosphorus. 

The spleens, livers, lymph nodes (central and periph- 
eral) both of the normal and the leukemic animals and 
the intraperitoneal tumor masses of the leukemic animals 
of the 16 groups respectively were pooled, weighed and 
prepared for analysis. The respective carcasses were 
pooled and ashed at 400 degrees Centigrade. The “phos- 
pholipid” fraction of the four tissues was extracted by 
means of ether, alcohol and reflux condensers, the “ acid 
soluble” by cold 5 per cent trichloracetic arid, and the 
residue was considered the “nucleoprotein” fraction (1). 

The amounts of excreted by these animals were 
unfortunately not determined. 
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table I — Continued 



uC. of P 12 
administered 
intrapcritoncally 

Hours after administration of P a 
(expressed in Per cent of dose Per tram -wet weight ) 

* 12 

1 

24 

36 

48 

L>mphoma *< 

Phospholipid 

Add soluble 

Nucleoprotein 

/ 8 
\ 80 

/ 8 
\ 80 

/ 8 
\ SO 

0.604 

0.458 

2.59 

1.63 

1.19 

0.711 

0.618 

1.24 

1.36 

2.38 

2.53 

0.803 

0.683 

1.54 

1.21 

3.45 

2.53 

0.791 

0.666 

1.35 

0.845 

3.34 

2.11 





* 

* 

* 

* 

■ 


i 

i 

r 8 

2.06 (9) 

1.52 (10) 

1.79 (9) 

1.17 (10) 


Normal 



1.52 (10) 

1.40 (10) 


0.900 (10) 


1 








It i • 


/ 8 

2.31 (10) 

2.04 (12) 

2.31 (12) 

1.78 (12) 

§H 

L Leukemic 

! 

( 80 

1.74 (12) 

1.79 (11) 

1.67 (11) 

1.74 (12) 


• Number of mice on which above data were obtained. 


LYMPH nodes lymphoma carcass 



HOURS HOURS HOURS 

Fig. 1. The Comparative Retention of Radio-phosphorus in Fraction s of Tissues and Carcasses of 
Normal and Leukemic Animals 12, 24, 36 and 48 Hours Following the Intraperitoneal Administra- 
tion of P32 Emitting Both 8 and 80 Microcuries of Beta Radiation Per Mouse 
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SPLEEN L/VER 



Fig. 2. The Comparative Retention of Radio-phosphorus in Fractions of Tissues and Carcasses of 
Normal and Leukemic Animals 12, 24, 36 and 48 Hours Following the Intraperitoneal Administra- 
tion of P 32 Emitting Both 8 and 80 Microcuries of Beta Radiation Per Mouse 


RESULTS 

The results are listed in Table I and are illus- 
trated in Figures 1 and 2. 

The amounts (as per cent of the dose of P 32 
administered per gram of tissue-fresh wet weight) 
of radio-phosphorus retained in the various frac- 
tions of the four tissues and in the carcasses were 
consistently less following the “ therapeutic ” dose 
(80 microcuries per mouse) than those following 
the “ tracer ” dose (8 microcuries per mouse) . In 
the majority of instances this difference was noted 
twelve hours after administration and persisted at 
the forty-eight-hour period also. The difference 
was perhaps slightly greater in the “ nucleopro- 
tein ” fractions than in the “ phospholipid ” and 
“ acid soluble ” fractions. Although the leukemic 


animals retained more P 32 than the corresponding 
normal animals, the differences between levels of 
retention of P 32 were quite similar in the corre- 
sponding fractions of the tissues of the 2 groups 
following “ tracer ” and “ therapeutic ” doses, re- 
spectively. 

DISCUSSION 

These results indicate that, when large doses of 
radio-phosphorus are used, the effects of the ir- 
radiation can be measured. Therefore, in inter- 
preting the results of metabolic investigations, it 
must be known whether large or small doses were 
used if radioactive agents were employed in 0 
taining these results. Since the results reporte 
here, when 8 microcuries per animal were use , 
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are identical at the forty-eight-hour period with 
those when 5.5 microcurics were used (1) and al- 
most identical with those when 30 microcurics and 
50 microcuries per animal were used, 3 it would 
seem safe to conclude that S microcurics per ani- 
mal is a safe “ tracer ” dose for mice on which 
such studies arc to be made. 

The results also indicate that there is no differ- 
ence in radiosensitivitv of the metabolic processes 
studied in the normal animals when compared with 
those of the leukemic animals. 

This technique could well be used as a method 
to compare the radiosensitivity of various types of 
cellular metabolism both in normal and neoplastic 
tissues, and it may prove to be a valuable method 
of comparing the effects on these tissues of dif- 
ferent types of radiation such as x-radiation or 
neutron radiation. 


SUMMARY 

Less P 32 was retained in the " phospholpid ”, 
“ acid soluble ” and “ nucleoprotein ” fractions of 
spleen, liver and lymph nodes, and the carcasses 
both of normal mice and mice with fymphoma 
after intraperitoneal administration of large or 
“ therapeutic ” doses of radio-phosphorus than 
when small or “ tracer " doses were given. 
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A bactericidal substance isolated by Dubos (1) 
from a soil bacillus has a marked bactericidal ac- 
tion against gram-positive bacteria. This sub- 
stance is toxic for laboratory animals when ad- 
ministered by the intravenous route (2). We 
have recently shown that one of the toxic effects 
of this substance is its hemolytic activity. The 
crude substance (tyrothricin) consists of two frac- 
tions, tyrocidine and gramicidin, as reported by 
Hotchkiss and Dubos (3). The observations of 
Dubos were based on experiments in which bac- 
terial cultures, as well as studies on animals, were 
employed. The present study deals with ( 1 ) ob- 
servations on the effect of the bactericidal sub- 
stance and its fractions on the growth of a number 
of gram-positive organisms in tissue culture media, 
(2) observations on the hemolytic property of 
gramicidin, and (3) observations on the clinical 
use of gramicidin. The tissue culture method of- 
fers two chief advantages : first, one may observe 
the effect of the substance on pathogenic bacteria 
growing in the presence of tissue fragment, serum 
and tissue extract; second, one may observe the 
effect of the substance on the growth or mainte- 
nance of various types of cells and on erythro- 
cytes suspended in the tissue culture clot. It seems 
likely that the conditions under which this study 
was made more closely approach those which ob- 
tain in vivo than do conditions usually employed 
in bacteriologic studies. 

The tissue culture preparation used in the bactericidal 
studies was similar to the modified Maximow technic 
described by King, Henschel and Green (4). The cul- 
ture was planted on a 22 mm. round coversfip and con- 
sisted of a drop of heparinized rabbit’s plasma and three 
drops of tissue extract made by extracting seven-day 
chick embryos with rabbit’s serum. To the preparation 
was added an explant from a mesenteric lymph node of 
a rabbit; each explant measured approximately 1.5 mm. 
across. The total volume of each culture was approxi- 
02 c q Bacterial cultures. used in this study were 

* ^cad before the meeting of the American Society for 
5 * 1941 * * nvest igation, Atlantic City, New Jersey, May 


grown in dextrose brain broth. One cubic centimeter of 
rabbit’s serum was added to brain broth cultures of 
pneumococci and hemolytic streptococci. Dilutions of 
young dextrose brain broth cultures were made in plain 
broth and added to the tissue extract in the proportion 
of one part of a suspension of bacteria in plain broth to 
forty parts of tissue extract The final concentration of 
the original bacterial culture in the tissue culture clot 
was one to ten million. This innoculum resulted in the 
appearance of twenty or more bacterial colonies in each 
tissue culture preparation with the exception of certain 
strains of hemolytic streptococci which grew only in the 
vicinity of the tissue fragment It was necessary to use 
a dilution of one to one million cultures of these strains. 

Three fractions of the substance elaborated by the soil 
bacillus were used ; the crude bactericidal substance, tyro- 
thricin, and its two fractions, gramicidin and tyrocidine. 
The lots of tyrothricin used in this study were furnished 
respectively by Dr. Rene J. Dubos and by Sharp and 
Dohme. They were found to be similar in bactericidal 
activity. Dr. Dubos kindly furnished us with purified 
gramicidin and purified tyrocidine. Also used in this 
study were samples of purified gramicidin and tyrocidine 
prepared from tyrothricin by Osterberg according to the 
method of Hotchkiss and Dubos. Since these products of 
the soil bacillus are insoluble in saline solutions, suitable 
suspensions of the material dissolved in 95 per cent al- 
cohol were made in TjTode's solution. Such suspensions 
containing varying amounts of bactericidal substance were 
added in the ratio of 1 to 10 to plasma and tissue extract 
used in preparing the tissue culture clot The greatest 
amount of bactericidal substance used was 300 micro- 
grams per cubic centimeter of medium. Similar dilutions 
of 95 per cent alcohol in Tyrode’s solution were used in 
control cultures. Four cultures were prepared for each 
experimental condition. Cultures were incubated at 37° 
C. in a specially constructed circulation type incubator 
(5), and final readings were made after the culture had 
been incubated for forty-eight hours. The cultures 'were 
examined by using a magnification of seven diameters. 
The least amount of bactericidal substance which would 
completely prevent the appearance of bacterial colonies in 
all four cultures after incubation for forty-eight hours 
was determined for each bacterial strain tested. 

Tissue cultures to which bactericidal substances and 
bacteria had been added, but which showed no evidence 
of bacterial growth in forty-eight hours, were put into 
tubes of dextrose brain broth to which 1 cc. of horse 
serum or rabbit’s serum had been added. These cultures 
were incubated at 37° C. for five days in order to deter- 
mine whether or not any viable bacteria were present. 
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The following bacterial species have been stud- 
ied: ( 1 ) four strains of smooth, encapsulated 
Diplococcus pneumoniae, that is, one of type I, 
two of type III, and one of type XIX; (2) five 
strains of group A Lancefield hemolytic strepto- 
coccus; 2 (3) two strains of the viridans group of 
streptococci (Streptococcus salivarius) isolated 
from the blood of patients with endocarditis; ( 4 ) 
four strains of Streptococcus faecalis; and (5) six 
strains of Staphylococcus aureus. 

The results of bactericidal tests are shown in 
Table I. There was a considerable degree of spe- 

TABLE i 


Amounts of bactericidal substance causing inhibition 


Organism 

Number 

Tyro- 1 
thricin | 

Grami- 

cidin 

Tyro- 

cidine 



ng. per cc. 

tig. per cc. 

fig. Ptr cc. 

Diplococcus 





pneumoniae 





Type I 


2.5 

1.0 

100 

Type III 

i 

1.0 

0.5 

20 

Type III 

2 

1.0 

1.0 

20 

Type XIX 



2.5 

40 

Hemolytic 

1 

10 

5.0 

80 

streptococcus 

2 


5.0 

100 

(Group A 

3 


10.0 

80 

Lancefield) 

4 


5.0 

100 


5 


20.0 

120 

Streptococcus 

1 


10 

60 

viridans group 

2 

i 

60 

120 

Streptococcus 

1 

20 

40 

300 

faecalis 

2 


60 

* 


3 


20 

260 


4 


60 

300 

Staphylococcus 

1 


100 

140 

aureus 

2 






3 


300 

* 


4 


* 

* 


5 


* 

* 


6 


300 

300 


* Not inhibited by 300 ug. of bactericidal substance. 


cies resemblance in the reaction of the various 
strains to gramicidin. Dubos also observed this in 
his in vitro experiments. The amount of grami- 
cidin necessary to inhibit the growth of all of the 
representatives of each species was as follows: 
Diplococcus pneumoniae, 0.5 to 2.5 micrograms 
per cubic centimeter; hemolytic streptococcus, 5 
to 20 micrograms per cubic centimeter; Strepto- 
coccus faecalis, 20 to 60 micrograms per cubic 

2 We are indebted to Drs. F. R. Heilman and Luther 
Thompson for bacterial strains used in this study. 


centimeter; Streptococcus salivarius, 10 to 60 
micrograms per cubic centimeter; and Staphylo- 
coccus aureus, 100 to 300 micrograms per cubic 
centimeter. Three strains of Staphylococcus 
aureus were not inhibited by 300 micrograms of 
gramicidin per cubic centimeter. For the most 
part, a slightly greater amount of tyrothricin had 
to be used to cause inhibition of bacterial growth 
as compared to gramicidin. In general, it was 
necessary to use a much greater concentration of 
tyrocidine than of gramicidin to obtain the same 
degree of inhibition (Figures 1 and 2). 

Although no bacterial growth occurred in cul- 
tures containing a sufficient amount of bactericidal 
substance, not all of the bacteria were killed. 
When such cultures were placed in brain broth, 
serum added, and incubated at 37° C. for several 
days, an occasional tube would show growth of the 
organism originally introduced into the tissue cul- 
ture. This occurred when any of the bactericidal 
fractions were used and for all species except the 
Staphylococcus aureus. In experiments with this 
species, however, there were few negative clots 
available for study. Little is known concerning 
the mode of action of gramicidin. In the tissue 
culture preparations the presence of 1 to 10 mgm. 
of para-aminobenzoic acid per cubic centimeter 
did not inhibit the action of gramicidin on pneu- 
mococci. 

Studies on hemolysis 

The hemolytic effect of gramicidin has recently 
been reported from our laboratories (6). This ob- 
servation was made concerning hemolysis that oc- 
curred when the crude substance, tyrothricin, was 
used. Further experiments have been carried out 
in which gramicidin and tyrocidine were used. 
When 0.5 microgram of gramicidin was added to 
tubes containing 1 per cent suspensions of washe 
sheep erythrocytes, hemolysis was complete m 
twenty-four hours. This amount of gramicidin 
produced the same amount of hemolysis as did 
microgram of the crude substance, tyrothricin. 
This indicates that gramicidin is more active than 
tyrothricin in causing hemolysis. Tyrocidine, on 
the other hand, is but slightly hemolytic, as in • 
cated by the fact that hemolysis was observed in 
similar preparations at the end of twenty-four 
hours only when 40 micrograms of tyrocidine per 
cubic centimeter were added to the preparation. 
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^ IG - 1. Tissue Culture Clots Containing Diplococcus Pneumoniae Type I After Forty-eight Hours* 

Incubation at 37° C. ( X 3.5) 

Te// upper: Control. Right upper: Clot treated with 2.5 micrograms tyrothricin per cubic centimeter media. 
inhibkhT ,n ^ ?bltl0n ' ^~ e f f iower: Clot treated with I microgram gramicidin per cubic centimeter. Complete 
3 3 °n. Right lower: Clot treated with 40 micrograms tyrocidine per cubic centimeter. Ko inhibition. 


verv S * S 0 ^ ser ved here in addition was only 
amo VV* ^ Seems P oss ^^ e that even this 
presen ° ^ eni0 ^ rs ^ s ma 3’ ht associated with the 
tyrocidine* ni ” 1Ute arnou nts of gramicidin in the 

its {r > I)tic Cffect t^ e cr tide substance and 
ture urp° nS *^ aS a ^ a * n stu( iicd in the tissue cul- 
P paration containing 5 per cent of rabbit 


erythrocytes; 0.5 microgram per cubic centimeter 
of both tyrothricin and gramicidin resulted in com- 
plete hemolysis at the end of twenty-four hours of 
incubation (Figure 3), whereas no hemolysis was 
observed in similar preparations in which the clot 
contained 30 micrograms of tyrocidine per cubic 
centimeter. In one of these experiments dilutions 
of the bactericidal substance were made in serum 
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so as to avoid the introduction of electrolytes into 
the tissue culture medium. Under these conditions 
hemolysis was as great as before, indicating that 
the addition of electrolyte did not materially influ- 
ence the reaction. Experiences with tyrocidine in 
our laboratories would indicate that further purifi- 


cation of crude tyrocidine causes progressive loss 
of the hemolytic activity, whereas the hemolytic 
activity of the gramicidin seems rather constant. 

When suspensions of tyrothricin in Tyrode’s 
solution at pH 8.0 are heated to 90° C. for ten 
minutes, there is a tenfold loss of hemolytic ac- 








Fig 2. Tissue Culture Clots Containing Hemolytic Streptococcus and Lymph Node Explants After 

Forty-eight Hours’ Incubation at 37° C. (X 3.5) 

Left upper: Control. Note liquefaction of plasma around colonies. Right upper: Clot treated with tyr0 *j™^? 
10 micrograms per cubic centimeter. Complete inhibition. Left lower: Clot treated with 5 micrograms g* 
cidin per cubic centimeter. Complete inhibition. Right lower: Clot treated with 100 micrograms tyroci 
cubic centimeter. Complete inhibition. 
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Fig. 3. Tissue Culture Clots Containing 5 Per Cent Rabbit Erythrocytes Incubated Eighteen Hours 

at 37 c C. ( X 3.5) 

£c//; Control. Right: Similar preparation to which was added 0.25 microgram gramicidin on the center of the 

clot. Hemolysis complete in eighteen hours 


tivitv in tests made on washed sheep erythrocytes. 
This loss of hemolytic activity does not result 
when tyrothricin dissolved in 95 per cent alcohol 
is heated to the same extent. 

Suspensions of purified gramicidin were made 
in Tyrode’s solution, the resulting suspensions 
having a pH of 7.8 to 8.0. These suspensions 
uere divided into similar groups: one group was 
not heated; the second group was heated in a 
" ater bath at 90° C. for ten minutes; the third 
group was heated at 70° C. for thirty minutes; the 
fourth group was autoclaved at 15 pounds pressure 
and at 250° C. for thirty minutes. A sample of 
^ch dilution was tested in the tissue culture clot 
preparation containing 5 per cent of rabbit’s 
er>throcytes; as previously described. The results 
of such a test are shown in Table II. 

^ ith the loss of hemolytic activity there is also 
oss of bactericidal activity for bacteria growing 
111 ^ ssue culture. Dubos has reported that heat re- 
mo\es the in vivo activity of the bactericidal sub- 
stance but does not reduce its activity in vitro. In 
* S res P ect the behavior of gramicidin in tissue 
cu ture resembles its action in vivo . Pneumococci, 

cul ^ich is regularly inhibited in tissue 

ture b) 1 microgram of unheated gramicidin per 


table ii 

Hemolysis of rabbit's erythrocytes in the tissue culture clot 
at the end of incubation at 37° C.for twenty-four hours 


Grade of hemolysis* 



1 pg- 
per cc. 

10 tig. 

per cc. 

100 pg. 

per cc. 

Unheated gramicidin 

4 

4 


Gramicidin heated to 
70° C. for thirty 
minutes 

1 

3 

3 

Gramicidin heated to 
90° C. for ten 
minutes 

0 

2 

3 

Gramicidin autoclaved 
15 lb. for thirty 
minutes 


Very 

slight 

trace 



* Graded on basis of 1 to 4. 


cubic centimeter,, are not decreased in number by 
10 micrograins of gramicidin which has been 
heated in Tyrode’s solution at 90° C. for ten min- 
utes. Whether or not the bactericidal property 
and the hemolytic property may be separated by 
other means will depend on the outcome of fur- 
ther investigation. 

Studies ha\e been made on the effect of grami- 
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cidin and tyrocidine on the leukocytes of whole 
human blood. Relatively large amounts of grami- 
cidin and tyrocidine (50 micrograms and 100 
micrograms per cubic centimeter of blood) have 
been added to freshly drawn heparinized human 
blood. Control samples to which nothing was 
added and samples containing suitable amounts of 
95 per cent alcohol were studied at the same time. 
All tubes were incubated in a water bath at 37° C. 
for the duration of the experiment. Smears of 
each sample were made before the addition of the 
bactericidal substances and at fifteen minutes, 
thirty minutes, and one, one and a half, two, four, 
six, and eight hours thereafter. The films thus 
prepared were stained by the May-Grtinwald 
technic. Dr. Watkins, one of the hematologists at 
the Mayo Clinic, examined the series of blood 
smears prepared by this method. He reported that 
there was no evidence of damage to the leukocytes 
by either gramicidin or tyrocidine. Preparations 
containing gramicidin showed marked lysis of 
erythrocytes after the first hour of incubation. 
Representative stained blood films are shown in 
Figure 4. 


Clinical studies 

An attempt has been made to apply in a clinical 
way the information obtained from the experi- 
mental studies available with regard to gramicidin. 
No attempt has been made to use the substance 
where it might come in contact with the blood 
stream or to administer gramicidin by mouth. It 
was felt, however, that the substance is quite safe 
for local use in the treatment of conditions in 
which a gram-positive organism has been found on 
culture. The crude substance, tyrothricin, has 
been used entirely because we have found experi- 
mentally that its bactericidal effect is essentially 
the same as that of gramicidin, although it may 
not be as active. The tyrothricin used has been 
obtained from Sharp and Dohme and is the same 
preparation used in the experimental studies and 
from which gramicidin and tyrocidine were pre- 
pared. The substance may be prepared for clini- 
cal use in one of two ways. The suspension used 
contains 200 micrograms of tyrothricin per cubic 
centimeter. It may be prepared by adding 200 
mgm. of tyrothricin to 1 liter of a 1.5 per cent 
solution of aerosol OT (ester of a sulfonated bi- 



Fig. 4. Whole Human Blood Treated With Tyrocidine and Gramicidin 100 Micrograms per 

Cubic Centimeter 


Smears shown made after four hours’ water bath incubation at 37 C. 
micrograph of control blood smear. Center: Tyrocidine treated blood, 
erythrocytes. Granulocytes appear normal. Right: Gramicidin treated blood, 
erythrocytes but no evidence of toxicity of granulocytes. 


(X 1000). Left: Photo- 
Very minimal change in 
Marked agglutination of 
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carboxylic acid [di-octyl]) in triple distilled water. 
The recent report by Pctroff and Schain (7), in 
which it was stated that aerosol OT is also hemo- 
lytic, has caused us to abandon the preparation of 
tyrothricin in this substance for clinical use. Re- 
cently, however, we have prepared for clinical use 
a mixture of gramicidin in alcohol and glycerin : 
200 mgm. of gramicidin are dissolved in 5 grams 
of alcohol and the solution is made up to 20 cc, 
with glycerin (U.S.P.)- When 20 cc. of such a 
mixture are added to 1 liter of triple distilled 
water, the resulting solution contains 200 micro- 
grams of tyrothricin per cubic centimeter and this 
is substantially isotonic with blood. 

At the present time we have used the prepara- 
tion in twelve cases of various typos of infection. 
The type of infection, the gram-positive organism 
isolated, the amount of the preparation used locally 
and a summary of the results are shown in Table 
III. Two of the cases are of sufficient interest to 
warrant brief reports. 


Report of cases 

Case 1. A white man, twenty-nine years of age, came 
to the clinic January 2, 1941, because of an ulcer on the 
hft leg. There was a history of ancient thrombophlebitis 
but the ulcer on the leg had appeared following an injury 
sustained seven months before he came to the clinic. He 
had had a great deal of local treatment although the 
ulceration was becoming larger and there was definite 
evidence of secondary infection. General physical ex- 
amination, laboratory studies, and roentgenologic exami- 
nation of the left leg did not reveal any abnormality. 
. c was hospitalized on January 6, and bacterial 
lures of the ulcer showed the presence of hemolytic 

UnV u^ 15 ' ^ per cent solution of aerosol con- 

^ micrograms of tyrothricin per cubic ccnti- 

tw T * applied Ioca ! ly t0 ^ Ulcer ' B >' thc thlVd da y 

the nip, a$ r ? aar ^ a ble improvement in thc appearance of 
tissues V her€ WaS n ° ? videilce an >* damage to the 
would « nothing about the patient which 

JSJS £,'!'*• i'" 1 ""' *» 

condition of the i da>S * 0n the fifteendl day thc 
was carried out Tj £ ° £00d that skin grafl!n S 
taken from u.. , Ver , a l, days be f° re i however, cultures 

hemolytic streptocoai ^ 1° 5 eveal any evWence of 

Two weeks later rt, " T - C pmcb grafts took perfectly, 
hospital When t, paUent was dismissed from thc 
had entirely healM^ 3 j SEen 0ne montb later the grafts 
tvhich was applied fn" ’ ioT a sponge dressing 

e ‘«ry. The P res u i t f ^ V ' eek ’ n ° treatment was nec- 
"**«* in the de™r nS f rCd excel,ent by con- 

Coie 2 , a department who saw him, 

cl «>e February 1 "^' * irty ‘ four years, came to the 
- »«, because of maxillary sinusitis 


on the left side. He had been ill for approximately seven 
weeks and there had been a great deal of purulent drain- 
age from the left side, Roentgen therapy and suction 
bad been applied to the left maxillary sinus but a great 
deal of purulent discharge as well as pain and tenderness 
had continued. The pain and purulent discharge had 
persisted for ten days after the treatment and he had 
been advised to undergo surgical treatment. At the time 
operation on thc left maxillary sinus was considered, a 
very acute infection developed in the right maxillary sinus 
which had been entirely normal until that time. From 
this side a culture was obtained which showed the pres- 
ence of hemolytic streptococcus. An attempt was made 
to treat this sinus with tyrothricin. The patient was 
admitted to thc hospital and 20 cc. of the preparation of 
tyrothricin (200 micrograms per cubic centimeter) were 
introduced into the right maxillary sinus by means of the 
displacement technic; 20 cc. of this preparation were 
administered in this manner every three hours for two 
days. At the end of twenty-four hours the pain was 
markedly relieved and the patient was aiebrile. The 
drainage decreased accordingly, and the patient’s recovery 
was striking and uneventful. Surgical treatment on the 
left side was then carried out three days after the treat- 
ment of thc right sinus with tyrothricin. A persistent 
sinusitis did not develop on the right side and no further 
treatment was necessary. Cultures from the nose re- 
vealed only gram-negative bacilli, and streptococci were 
no longer recovered from nasal cultures. A total of 
320 cc. of the preparation was used. 

COMMENT 

The cases reported indicate that the results were 
somewhat irregular. This is due in part to the 
fact that in some instances inadequate amounts of 
tyrothricin were used in the beginning. On the 
other hand, there is some difference in the response 
of the conditions treated with relation to the patho- 
genic organism isolated. Infections caused by 
hemolytic streptococci seem to respond most 
readily, and the staphylococcic infections appear 
to be the most stubborn when similar amounts of 
tyrothricin are used. This is especially interesting 
in view of the fact that Staphyloccus aureus ex- 
perimentally is much more resistant than most of 
the strains of streptococci studied by us in the 
tissue culture . It would appear that the most 
striking clinical results were obtained in the treat- 
ment of definite ulceration. This is especially 
true of the infected stasis ulcers. The few condi- 
tions in which infection occurred in a cavity into 
which adequate amounts of the substance could be 
placed also responded satisfactorily. Dermatitis, 
on the other hand, with the possible exception of 
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TABLE III 


Results of local use of tyrothricin 





Solution of 
tyrothricin* 



Case 

i 

i 

Diagnosis 

Organisms 

Concen- 

tration 

Total 

amount 

adminis- 

tered 

Response 

Additional treatment 

i 

i 

I 

Ulcer of leg 

Hemolytic 

streptococcus 

Mg. Per cc 

loot 

. cc . 

3,000 

Ulcer became clean j culture 
became negative in one 
week 

Pinch grafts on fifteenth 
day; all grafts took 

2 

Acute maxillary 
sinusitis 

Hemolytic 

streptococcus 

200 

320 

Striking clinical improve- 
ment; cultures became 
negative 

None 

3 

Postoperative 

empyema 

Staphylococcus 
aureus and 
hemolytic strep- 
tococcus 

10 

150 

None; patient would not 
continue treatment 

Sulfanilamide applied 
locally 

4 

Dermatitis of i 

hands and feet 

Hemolytic 

streptococcus 

200 

1,000 

Good initial response; puru- 
lent drainage increased 
subsequently; tyrothricin 
discontinued 

Sulfathiazole ointment; 
dressings of 0.5 per cent 
solution of aluminum 
subacetate 

5 

Bilateral otitis 
media 

Non-hemolytic 

streptococcus 

10 

I 

8 

None; treatment inadequate 

Abscess of right ear was 
drained 

6 

Extensive hidro- 
sadenitis sup- 
purativa of 
axilla; ulcer 
of leg 

Hemolytic 

streptococcus 

| 

200 

■ 

Very striking; drainage de- 
creased, cultures became 
negative and lesions 
healed 

Surgical excision of under- 
mined portions of skin 

■ 

7 

Eczematoid 
dermatitis of 
hands and feet 

i 

i 

Hemolytic strep- 
tococcus and 
gram-positive 
bacillus 

200 

3,000 

Excellent, cultures became 
negative 

Roentgen therapy 

8 

Eczematoid 
dermatitis of 
hands and feet 

Hemolytic strep- 
tococcus and 
Staphylococcus 
aureus 

200 

500 

Better on right side, but not 
striking 

Left hand and foot treated 
with sulfathiazole oint- 
ment but not with tyro- 
thricin 

9 

Stasis ulcer 

I 

Hemolytic strep- 
tococcus and 
Staphylococcus 
aureus 

10 

600 

Ulcer became clean rapidly 
but never healed com- 
pletely. Staphylococcus 
aureus persisted. Treat- 
ment probably inadequate 

Solution of potassium per- 
manganate used locally 

10 

Eczematoid 

dermatitis 

Hemolytic 

streptococcus 

200 

1,000 

(?) 

Culture became negative but 
additional treatment was 
necessary 

Wet dressings of aluminum 
subacetate; colloidal 
baths 

11 


Staphylococcus 

aureus 

200 

500 

Poor ' 


12 

Very persistent 
cystitis 

Streptococcus 
faecalis and 
Staphylococcus 
aureus 

200 

to 

400 

1,500 

Excellent; first negative cul- 
tures in one year 

Additional treatment none 


* In triple distilled water unless stated otherwise. t In 1.5 per cent solution of aerosol OT. 























































GRAMICIDIN 


591 


the dermatitis in Case 7 (Table III), did not re- 
spond well to this form of treatment, although in 
many instances the pathogenic organisms fre- 
quently disappeared. Additional therapy, how- 
ever, almost always must be employed. 

SUMMARY 

The bactericidal effect of tyrothricin, tyrocidine, 
and gramicidin has been studied by using the tissue 
culture technic. Gramicidin is more effective than 
tyrocidine against most of the gram-positive bac- 
teria studied. The tissue culture method permits 
not only the study of the bactericidal effect of these 
substances but at the same time an opportunity is 
afforded to observe the possible effects of the sub- 
stance on bacteria growing in the presence of tissue 
fragments, serum and tissue extract. These con- 
ditions approach the circumstances which obtain 
in vivo . 

Tyrothricin has a powerful hemolytic action on 
erythrocytes in vitro . The hemolytic effect of 
tyrothricin is due to the presence of gramicidin. 
When tyrothricin or gramicidin is heated in an 
aqueous suspension there is loss of hemolytic and 
bactericidal activity. Tyrocidine does not appear 
to be very hemolytic. 

Neither gramicidin nor tyrocidine appears to 
produce any marked toxic effect upon the leuko- 
cytic elements of the human blood in amounts up 
to 100 micrograms per cubic centimeter over a 
period of eight hours. 

Tyrothricin has been used locally in twelve cases 
of various types of infections in which gram- 
positive bacteria were present. Marked beneficial 


effect was noted in most cases in which the sub- 
stance was used. No demonstrable damaging ef- 
fects have been noted on the tissues. On the other 
hand, the healing of wounds has appeared to be 
considerably benefited in some instances. No evi- 
dence of toxicity has been observed following the 
use of the substance in the manner described. The 
hemolytic effect of gramicidin is great enough in 
the presence of constituents of the blood to render 
inadvisable the clinical use of this substance in any 
way except locally or perhaps to irrigate infected 
cavities which do not communicate with the blood 
stream. 
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Within the past year we have seen 9 cases of 
acute hemolytic anemia in the course of sulfanil- 
amide or sulfapyridine therapy, with 6 deaths. In 
the hope of explaining the mechanism of this 
hemolj'sis, the laboratory studies which form the 
basis of this report were conducted in 4 cases. 
The hemoglobin derivatives in serum, erythrocytes 
and urine were examined by the recording photo- 
electric spectrophotometer. The high degree of 
accuracy obtainable with this objective method 
permitted comparison of the hemoglobin deriva- 
tives zn the serum derived from destroyed red cells 
with those in the cells that remained intact. The 
new blood pigment, methemalbumin, recently de- 
scribed by Fairley (1), was detected in the plasma. 
The findings are reported and interpreted in rela- 
tion to the mechanisms of hemolysis, hemoglobin- 
uria and hemolytic shock. 


Clinical data ( cases listed in order of increasing 
severity ) 

Case 1, P. p m (Number 459109), negro, age 32, was 
under treatment for infected bite of the hand. The Was- 
sermann reaction was positive. He received 24 grams of 
sulfanilamide in 4 days. On the morning of the fifth day, 
intense hemoglobinuria occurred and jaundice was noted. 
The hemoglobin concentration of the blood, not measured 
heretofore, dropped from 75 per cent (Salhi) on the 
morning of the fifth day to 60 per cent at 4 p.m. At this 
Ume the highly colored specimens of plasma and urine to 
he discussed below were obtained; his icterus index was 
38 and his blood urea N 16. The blood picture was that 
of hemolytic anemia, with 11 per cent reticulocytes; there 
was no sickling. The hemoglobinuria lasted about 36 
ours ' The urine showed' occasional granular casts but 
do red blood cells. There were no further symptoms; 
sulfanilamide therapy was stopped, the jaundice con- 
tinued for 4 days and the patient recovered. 

Case 2, J, M. (Number 454755), Italian, male, age 43, 
u 'as admitted with severe erysipelas of the face 48 hours 
a ter puncture of a sinus for suppurative ethmoiditis. He 
received a total of 12 grams of sulfanilamide during 2 
a ys. ^ On the second day he was observed to be jaundiced 
(ic teric in dex 33) and there was shock tenderness over 

1 Aided in part by the Dazian Foundation. 


the liver. Blood hemoglobin was 104 per cent (Sahli) ; 
the blood culture was sterile, and the blood sulfanilamide 
level was 4.0 mgm. per cent. On the third day, although 
the erysipelas appeared to be controlled, the temperature 
rose to 203.6° F. The urine at this time contained bili- 
rubin but no hemoglobin. On the fourth day, the jaundice 
appeared deeper and the blood hemoglobin had fallen to 
75 per cent. On the fifth day a paroxysm of hemoglobin- 
uria occurred accompanied by severe nausea, vomiting, ab- 
dominal and lumbar pain and tenderness. The urine 
showed large amounts of hemoglobin but no red blood 
cells. The blood hemoglobin fell to 34 per cent with 1.8 
million red blood cells; the cell volume was 16 per cent. 
The white blood cells rose from 16,000 to 25,000. The 
platelets were normal. Blood smears showed 9 per cent 
myelocytes, 8 per cent normoblasts, and 8 per cent reticulo- 
cytes. The icteric index rose to 108, blood cholesterol 
was 205 mgm. per cent with cholesterol esters reduced to 
70 mgm, per cent. The patient appeared very ill but was 
not in collapse. Transfusion of 1 liter of blood was 
given and, in order to induce excretion of an alkaline 
urine, 4000 cc. of Hartman's solution and glucose and 
saline solutions %vere administered daily. As a result 
there was a copious diuresis — 8000 cc. during the 2 days 
of hemoglobinuria. On the sixth day, the patient was 
still in great discomfort; the icteric index was 90, hemo- 
globinuria was still present though less marked, and an- 
other transfusion of 500 cc. of blood was given. On the 
seventh day, the patient's condition was better; the hemo- 
globinuria ceased, jaundice and bilirubinuria were still 
present From this point on the patient, after two ad- 
ditional blood transfusions, gradually recovered. 

Cose 3, B , E . (Number 462878), a physician, age 39, 
had an infection at the tip of his nose. He took a few 
doses of sulfanilamide and the local condition cleared up. 
After one or two days, however, he continued to have 
some fever and, as some rales were heard at the base of 
the left lung, he took sulfapyridine, a total of only 11 
grams in 2 days. At the end of this time he suddenly be- 
came very acutely ill with high fever, extreme pallor, 
profound jaundice and great prostration. Hemoglobin 
was noted to have fallen from 80 to 40 per cent and his 
white blood count rose from 12,000 to 50,000. On admis- 
sion to the hospital his blood pressure was 328/70. His 
spleen and liver were greatly’ enlarged. His urine was 
Burgundy red; microscopically it showed casts and oc- 
casional red blood cells. 

He was given a transfusion of 500 cc. at once and 600 
ca the next day; his hemoglobin rose to 67 per cent At 
this time his blood urea was found to be 69 mgm. per 
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cent and his blood carbon dioxide combining power was 
33 volumes per cent. The blood sulfapyridine 24 hours 
after sulfapyridine therapy had been stopped was still 
7.4 mgm. per cent. There was a moderate degree of 
oliguria, although there was never complete suppression 
of urine; during the 2 days before his death he secreted 
1650 cc. of urine. There was a steadily progressive rise 
of temperature until 107° F. was reached. This was ac- 
companied by increasing shock. A sample of his blood 
plasma taken the last day of his life (the third day after 
the onset of the hemolytic anemia) still was nearly black. 

Postmortem examination showed, besides a broncho- 
pneumonia, the characteristic findings of acute hemolysis : 
icterus, marked edema of the liver with striking enlarge- 
ment of the Kupffer cells which contained nuclear debris 
and red blood cells. The liver cells themselves were not 
diffusely damaged, but scattered small foci of four or five 
necrotic liver cells were present; these might have been 
caused by small capillary blockages due to Kupffer cell 
proliferation (Dr. Klemperer). The spleen weighed 480 
grams; it showed a tremendous degree of active hyper- 
emia and for practical purposes was indistinguishable 
from a spleen of hemolytic icterus. The kidneys showed 
an immense number of hemoglobin casts, chiefly in the 
deeper tubules and Henle’s loops. 

Case 4, I . L., the father of a doctor, a man age 63, 
never seriously ill before, developed bronchial pneumonia. 
No sputum was obtained; blood culture was negative. 
He was given 5 grams of sulfanilamide the first day and 
then 12 grams of sulfapyridine during the following 2 
days. Because of the onset of severe vomiting, cyanosis, 
and weakness, the sulfapyridine was stopped. Twenty- 
four hours later it was noted that the urine was of 
mahogany color and there was severe deep lumbar pain. 
At this time the pulse rate and the blood pressure, which 
had been normal, underwent a sudden change; the pulse 
rose to 138 and the blood pressure became unobtainable; 
the patient was obviously in shock. The blood showed a 
hemoglobin of 50 per cent, with red cell count of only 
1,000,000. This discrepancy was explained, however, 
when the blood plasma was obtained, since it was almost 
black. The white blood count was 32,000, the platelets 
400,000; the blood smear showed 10 per cent myelocytes 
and 13 nucleated red blood cells per 100 white blood cells. 
The urine microscopically showed no red blood cells but 
much amorphous deposit. Urine secretion gradually di- 
minished during 24 hours until it ceased altogether. The 
total amount of urine in the last 2 days of life was ap- 
proximately 1500 cc. The jaundice first noticed on the 
fourth day after beginning of medication became deeper 
and the urea nitrogen of the blood rose to 42 mgm. per 
100 cc. In spite of three transfusions of 500 cc. each, 
which brought the red cell count to 2,000,000 and the 
blood pressure to 134/84, the pallor and collapse con- 
tinued and the patient died on the fifth day after the onset 
of his pneumonia, about 48 hours after onset of the hemo- 
lytic shock. 


METHODS 

Urine and plasma 2 were examined directly, diluting 
when necessary for accuracy. Red cells from citrated 
blood were washed three times with physiological salt 
solution, suspended in M/100 phosphate buffer, pH 6.9, 
and lakcd with saponin. For identification and definite 
detection of small amounts of abnormal pigments, ordi- 
nary spectroscopy with recognition of absorption bands 
is inadequate. Only careful spectrophotometric deter- 
mination of light absorption at each wavelength followed 
by observations of changes in light absorption after the 
addition of various chemicals gives reliability to the 
findings. 

For this purpose two instruments were used: ( 1 ) a 
photoelectric spectrophotometer with a Lange galvanom- 
eter, 3 and (2) the Hardy recording spectrophotometer. 4 
Transmission curves of all solutions were made before 
and after addition of neutral 5 per cent sodium cyanide 
solution. In the figures, only the significant parts of 
the curves are shown. 

Methemoglobin was estimated by the change in optical 
density at wavelength 630 m/i by the formula : 5 

Optical density X630 m/i Optical density X630 mp 
(initial) — (after CN) 

= grams methemoglobin 
per 100 cc. 

Total hemoglobin was measured in those specimens 
containing only hemoglobin and methemoglobin by the 

2 Specimens were examined as soon as obtained. U 

some instances urines were examined after standing over- 
night. Controls, however, of hemoglobin added to urme 
showed that under these conditions only a little of the 
hemoglobin is converted into methemoglobin ; serum when 
kept in the icebox remains unchanged overnight. On ac- 
count particularly of the marked effect of pH on the ab- 
sorption band of methemoglobin (9) it is important to 
note that all solutions except some sera were diluted be- 
fore spectroscopy with M/100 phosphate buffer solution 
of pH 6.9. When sera were used undiluted they were 
fresh and it was believed they were adequately buffere . 
Red cells were diluted one hundred times; urines were 
diluted five to twenty-five times. . 

3 We are profoundly indebted to Dr. Bruce^ Hogg o 
the Department of Surgery, College of Physicians an 
Surgeons, Columbia University, who set up the apparatus 
(2) and performed some of the first tests for us ( /• 

4 This is an entirely automatic instrument whic r® 
cords a continuous curve at all visible wavelengths wi^ 
no personal equation whatever (4). For its use wc 
wish to thank the Electrical Testing Co., York 
New York, and the American Cyanamid Co., Stam or 

Conn. , /q\ 

3 This formula was obtained by previous studies l J 
using the Hardy spectrophotometer and differs from 1 
of Drabkin and Austin (9) in that the maximum a - 
sorption of methemoglobin is located at X630 mM ins c 
of X634 (See also Michel (6).) 
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TABLE I 



* Red blood cells of this patient contained 4 per cent sulfhemoglobin. 
t By iron method 2.00 grams per cent. 


method of Stadie (7). This converts oxyhemoglobin to 
methemoglobin by means of potassium ferri-cyanide and 
then changes the methemoglobin to cyanmethemoglobin 
by means of cyanide. Specimens of plasma containing 
sulfhemoglobin or methemalbumin (which does not com- 
bine with cyanide) cannot be measured in this way, and 
m the fourth case the total was measured by the alpha 
a lpha' dipyridyl iron method (8). 

The method used for determination of the new pigment 
methemalbumin in the serum will be discussed under the 
caption " Results— Sera” 

RESULTS 

Red blood cells . In the figures are shown the 
relevant portions of the spectrophotometric curves 
of the washed, laked erythrocytes of the 4 pa- 
tients. The curves of the first 2 are smooth with 
no indentation or band to indicate any abnormal 
pigment. Upon addition of cyanide, however, 
there is a small decrease in the optical density, 
indicating the presence of a proportionately small 
amount of methemoglobin. On calculation the 


amounts of methemoglobin in these cases (Table 
I) are found to be small enough to escape detec- 
tion by ordinary methods. The third and fourth 
cases, however, which were fatal, showed a larger 
amount of methemoglobin with an absorption 
band at A630 m \l which was dispersed with cyanide. 

Unfortunately, at the time we knew of no such 
combined chemical-optical method for the quanti- 
tative measure of sulfhemoglobin. 6 But it may 
be pointed out that, since the absorption band of 
sulfhemoglobin at A620 m^, is nearly three times 
as intense as that of methemoglobin at A630 m/i, 
similar small amounts of sulfhemoglobin if pres- 
ent would have produced a detectable indentation 
of the transmission curve after cyanide at A620 
mfjL. Such a very small deviation is actually 
shown in Case 4. It may be stated, therefore, 

6 Fairley’s observation that H 2 0 3 obliterates the ab- 
sorption band of sulfhemoglobin at X620 m p provides 
such a method for the future (1). 
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cent and his blood carbon dioxide combining power was 
33 volumes per cent The blood sulfapyridine 24 hours 
after sulfapyridine therapy had been stopped was still 
7.4 mgm. per cent. There was a moderate degree of 
oliguria, although there was never complete suppression 
of urine; during the 2 days before his death he secreted 
1650 cc. of urine. There was a steadily progressive rise 
of temperature until 107° F. was reached. This was ac- 
companied by increasing shock. A sample of his blood 
plasma taken the last day of his life (the third day after 
the onset of the hemolytic anemia) still was nearly black. 

Postmortem examination showed, besides a broncho- 
pneumonia, the characteristic findings of acute hemolysis : 
icterus, marked edema of the liver with striking enlarge- 
ment of the Kupffer cells which contained nuclear debris 
and red blood cells. The liver cells themselves were not 
diffusely damaged, but scattered small foci of four or five 
necrotic liver cells were present; these might have been 
caused by small capillary blockages due to Kupffer cell 
proliferation (Dr. Klemperer). The spleen weighed 480 
grams; it showed a tremendous degree of active hyper- 
emia and for practical purposes was indistinguishable 
from a spleen of hemolytic icterus. The kidneys showed 
an immense number of hemoglobin casts, chiefly in the 
deeper tubules and Henle’s loops. 

Case 4 , L L., the father of a doctor, a man age 63, 
never seriously ill before, developed bronchial pneumonia. 
No sputum was obtained; blood culture was negative. 
He was given 5 grams of sulfanilamide the first day and 
then 12 grams of sulfapyridine during the following 2 
days. Because of the onset of severe vomiting, cyanosis, 
and weakness, the sulfapyridine was stopped. Twenty- 
four hours later it was noted that the urine was of 
mahogany color and there was severe deep lumbar pain. 
At this time the pulse rate and the blood pressure, which 
had been normal, underwent a sudden change; the pulse 
rose to 138 and the blood pressure became unobtainable; 
the patient was obviously in shock. The blood showed a 
hemoglobin of 50 per cent, with red cell count of only 
1,000,000. This discrepancy was explained, however, 
when the blood plasma was obtained, since it was almost 
black. The white blood count was 32,000, the platelets 
400,000; the blood smear showed 10 per cent myelocytes 
and 13 nucleated red blood cells per 100 white blood cells. 
The urine microscopically showed no red blood cells but 
much amorphous deposit. Urine secretion gradually di- 
minished during 24 hours until it ceased altogether. The 
total amount of urine in the last 2 days of life was ap- 
proximately 1500 cc. The jaundice first noticed on the 
fourth day after beginning of medication became deeper 
and the urea nitrogen of the blood rose to 42 mgm. per 
100 cc. In spite of three transfusions of 500 cc. each, 
which brought the red cell count to 2,000,000 and the 
blood pressure to 134/84, the pallor and collapse con- 
tinued and the patient died on the fifth day after the onset 
of his pneumonia, about 48 hours after onset of the hemo- 
lytic shock. 


METHODS 

Urine and plasma 2 were examined directly, diluting 
when necessary for accuracy. Red cells from citrated 
blood were washed three times with physiological salt 
solution, suspended in M/100 phosphate buffer, pH 6.9, 
and laked with saponin. For identification and definite 
detection of small amounts of abnormal pigments, ordi- 
nary spectroscopy with recognition of absorption bands 
is inadequate. Only careful spectrophotometric deter- 
mination of light absorption at each wavelength followed 
by observations of changes in light absorption after the 
addition of various chemicals gives reliability to the 
findings. 

For this purpose two instruments were used: ( 1 ) a 
photoelectric spectrophotometer with a Lange galvanom- 
eter, 8 and (2) the Hardy recording spectrophotometer. 4 , 
Transmission curves of all solutions were made before 
and after addition of neutral 5 per cent sodium cyanide 
solution. In the figures, only the significant parts of 
the curves are shown. 

Methemoglobin was estimated by the change in optical 
density at wavelength 630 m^ by the formula : 5 


Optical density X63Q mpt Optical density X630 m m 
(initial) — (after CN) 

= grams methemoglobin 
per 100 cc. 


Total hemoglobin was measured in those specimens 
containing only hemoglobin and methemoglobin by the 


2 Specimens were examined as soon as obtained. In 
some instances urines were examined after standing over- 
night. Controls, however, of hemoglobin added to urine 
showed that under these conditions only a little of the 
hemoglobin is converted into methemoglobin ; serum when 
kept in the icebox remains unchanged overnight. On ac- 
count particularly of the marked effect of pH on the a - 
sorption band of methemoglobin (9) it is important to 
note that all solutions except some sera were diluted e 
fore spectroscopy with M/100 phosphate buffer solution 
of pH 6.9. When sera were used undiluted they were 
fresh and it was believed they were adequately buffere . 
Red cells were diluted one hundred times; urines were 


diluted five to twenty-five times. , 

8 We are profoundly indebted to Dr. Bruce. Hogg 0 
the Department of Surgery, College of Physicians an 
Surgeons, Columbia University, who set up the a PP^ u 
(2) and performed some of the first tests for us ( /• 

4 This is an entirely automatic instrument w ic r 
cords a continuous curve at all visible wavelengt s 
no personal equation whatever (4). For its use ' 
wish to thank the Electrical Testing Co., Yor ' 
New York, and the American Cyanamid Co., Stam > 


Jonn. # .. /C) 

c This formula was obtained by previous stu ics 
ising the Hardy spectrophotometer and differs . rom 
>f Drabkin and Austin (9) in that thc ™ aXinU ^ La 
sorption of methemoglobin is located at X63 mt* 3 
>f X634 m pi (See also Michel (6).) 
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TABLE I 

The approximate distribution of blood pigments in the surviving red cells, serum , and urine of 4 cases of acute hemolytic anemia 


Case 1 


Case 2 


Case 3 


Case 4 * * * 


Per cent distribution of total pigments 


0 50 100 

l 



Total pigment 


Red blood cells 

trams per 100 cc. 

Serum 

0.39 

Urine 

0.67 

Red blood cells 

Serum 

0.69 

Urine 

0.38 

Red blood cells 

Serum 

0.34 

Urine 

0.25 

Red blood cells * 

Serum 

1.66f 

Urine 

0.87 



j | - HeMQOtOOtH 


lH c n*7H£HOGLQBtrt 
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* Red blood cells of this patient contained 4 per cent sulfhemoglobin. 

t By iron method 2.00 grams per cent. 


method of Stadie (7). This converts oxyhemoglobin to 
methemoglobin by means of potassium ferri-cyanide and 
then changes the methemoglobin to cyanmethemoglobin 
by means of cyanide. Specimens of plasma containing 
sulfhemoglobin or methemalbumin (which does not com- 
bine with cyanide) cannot be measured in this way, and 
in the fourth case the total was measured by the alpha 
alpha' dipyridyl iron method (8). 

The method used for determination of the new pigment 
methemalbumin in the serum will be discussed under the 
caption " Results— Sera ” 

RESULTS 

Red blood cells . In the figures are shown the 
relevant portions of the spectrophotometric curves 
of the washed, laked erythrocytes of the 4 pa- 
tients. The curves of the first 2 are smooth with 
no indentation or band to indicate any abnormal 
pigment. Upon addition of cyanide, however, 
there is a small decrease in the optical density, 
indicating the presence of a proportionately small 
amount of methemoglobin. On calculation the 


amounts of methemoglobin in these cases (Table 
I) are found to be small enough to escape detec- 
tion by ordinary methods. The third and fourth 
cases, however, which were fatal, showed a larger 
amount of methemoglobin with an absorption 
band at A630 m/x which was dispersed with cyanide. 

Unfortunately, at the time we knew of no such 
combined chemical-optical method for the quanti- 
tative measure of sulfhemoglobin. 6 But it may 
be pointed out that, since the absorption band of 
sulfhemoglobin at A620 m/x is nearly three times 
as intense as that of methemoglobin at A630 m/x, 
similar small amounts of sulfhemoglobin if pres- 
ent would have produced a detectable indentation 
of the transmission curve after cyanide at A620 
m/x. Such a very small deviation is actually 
shown in Case 4. It may be stated, therefore, 

« Fairley's observation that H : 0. obliterates the ab- 
sorption band of sulfhemoglobin at X620 mp provides 
such a method for the future (I). 
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curves from x500 to \700 mp 


Fig. 1. Spectrophotometric Curves of Laked Red Blood Cells, Urine, and Serum of 4 Cases of Acute 

Hemolytic Anemia 

Ordinates = per cent transmission = initial curve 

Abscissae — wavelengths = curve after cyanide 


that (except for Case 4) erythrocytes of these 
patients contain no detectable sulfhemoglobin. 

Urines. The spectrophotometric curves of the 
urines of these patients are different from those 
of the red blood cells in one important regard. 
There is a sharp peak of light absorption pre- 


cisely at A630 m/x. Following the addition of 
cyanide, this peak disappears completely and the 
resulting curve is quite smooth. This is charac- 
teristic of large amounts of methemoglobin ad- 
mixed with hemoglobin; and, on calculation, the 
percentages of methemoglobin range from 44 to 
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83 per cent of the total blood pigments present in 
the urine (Table I). The location of the sharp 
peak at A630 m/x and the disappearance of this 
absorption band, leaving a smooth curve after the 
addition of cyanide, prove the absence of sulfhe- 
moglobin and methemalbumin from the urine. 

Sera. The sera of these patients are quite 
different. Instead of a smooth curve or a sharp 
absorption peak, they show a broad band of ab- 
sorption extending from A610 m/x to A 640 m /*. 
On analysis by the addition of cyanide, the curve 
does not become smoothed out as in the case of 
the urine. The absorption in the region of the 
red is decreased and measurement of the density 
change at A630 m/x permits computation of the 
amount of methemoglobin present (Table I). 
The cyanide-resistant broad band centered at A620 
m/i is indicative of the simultaneous presence of 
still another pigment. Since sulfhemoglobin has 
its characteristic absorption at A620 m^, we at 
first attempted to ascribe this absorption to sulf- 
hemoglobin. Computations using Austin and 
Drabkin’s absorption coefficients (9), however, 
did not fit the observed data. We then became 
aware of Fairley’s discovery in the plasma of 
blackwater fever of a new pigment, methemal- 
bumin, which also has an absorption band in this 
region (1). The absorption band of this pigment, 
like that of sulfhemoglobin, is not obliterated by 
cyanide. These pigments can be differentiated 
from each other, however, by the addition of 
HA which causes the disappearance of the band 
of sulfhemoglobin at A620 m/x but does not dis- 
turb the band of methemalbumin. 

■The unique finding in all the sera was the 
presence of a broad band about A620 m/x not 
obliterated by cyanide. In the fourth case, this 
was further tested with 3 per cent hydrogen 
peroxide but no change in the light absorption 
occurred. This proved the presence of methemal- 
bumin and the absence of sulfhemoglobin. 

# Ih order to determine methemalbumin quantita- 
tively, this pigment was prepared by incubating 
sterile normal plasma with hemoglobin at 37° C. 
for 4 weeks. The absorption spectrum was de- 
termined as described elsewhere (10). With the 
absorption coefficients so obtained, the amounts 
of hemoglobin and of methemalbumin could then 
be calculated from the observed data at the peak 


wavelengths A540 m/i and A620 m/x by solving 
two simultaneous equations 7 of the following 
general form: 

Optical density observed minus absorption due 
to methemoglobin 8 = absorption due to hemo- 
globin plus absorption due to methemalbumin. 

O.D. C ^ 0 — concentration MHb X coefficient 

MHb 620 

= concentration Hb X coefficient Hb 620 -{- con- 
centration MetAlb 

X coefficient MetAlb G20 . 

The total blood pigments would naturally be 
the sum of the concentrations of methemoglobin, 
hemoglobin and methemalbumin (Table I). In 
the fourth case this was checked independently by 
iron determination and a reasonably close corre- 
spondence was obtained, the difference presum- 
ably representing iron already freed in bilirubin 
formation. 

The results of these examinations compiled in 
Table I indicate that, after an acute hemolytic 
episode, the surviving red blood cells are essen- 
tially normal or contain but little methemoglobin, 
far less than plasma and urine. In addition, the 
plasma contains a third pigment, methemalbumin, 
which is readily formed in the plasma from extra- 
corpuscular hemoglobin. 

In Table II are shown the total amount of 
hemoglobin liberated (E) and the amount liber- 
ated in relation to patients’ weight (G), the plasma 
level of hemoglobin at a variable number of hours 
after the onset of hemolysis (H), the amount of 
hemoglobin remaining in the circulating plasma 
at this time (I), the total hemoglobin excreted 
(J), and the relation of this to the hemoglobin 

7 This procedure has been used satisfactorily hereto- 
fore, e.g.y (5, 10, 11). The validity of this method might 
be questioned in dealing with mixtures that might contain 
other unrecognized pigments. Lemberg (12) has de- 
scribed pigments formed by the disintegration of hemo- 
globin but their characteristics are not such as to be 
confused with methemalbumin. In the serum of Case 3, 
in which there was practically no hemoglobin remaining, 
the concentration of methemalbumin was calculated di- 
rectly from the residual absorption at X620 mu after 
cyanide (10). The concentration found was 0.253 gram 
per cent as against 0.263 gram per cent by simultaneous 
equations. 

8 Methemoglobin determined independently by change 
in density at 650 mp after addition of cyanide. 
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Case 

number 


1 

2 

3 

4 

48A 

48B 

50 


TABLE II 

Removal of hemoglobin liberated by hemolysis 



Hemolysis 


Before 


After 


Hemo- 

globin* 

liber- 

ated 


millions 


5.0 

s.s 

5.0 

4.5 


3.0 

1.8 

2.0 
1.0 


grams per 
liter of 
blood 

62 

115 

94 

109 


Blood 

volumef 


liters 

7.9 

6.6 

6.2 

7,0 


Total 

hemo- 

globin 

liber- 

ated 

(CXD) 


grains 

490 

760 

583 

763 

6.2 

8 . 

7.3 


Patient’s 

weight 


kgm. 

90 

75 

70 

80 


Hemo- 

globin 

liberated 

E/F 


Plasma 
level of 
total 
pigment 


grams per 
kilo of 
weight 

5.5 

10.1 

8.1 

9.5 

0.102 

0.24 

0.10 


exams Per 100 

cc. 

0.39(0.22)t 

0.69(0.49) 

0.34(0.08) 

1 . 66 ( 1 . 22 ) 

0.25 

0.32 

0.25 


Hemo- 
globin 
remaining 
In plasma 
at time 
levels were 
taken 
(DXHX10) 


grams 

23 

39 

17 

104 


Hemoglobinuria 


Total 

excreted 


grams 

14 

24 

5 

12 

0 

0.4 

0.6 


Per cent 
ot 

total 

hemo- 

globin 

liberated 

(J/EX100) 


3 

3 

1 

2 


5 

8 


blood (Haden)? d ^ ° f 5 * 000 ’ 000 red blood cells P er cmm. and corresponds to 15.6 grams hemoglobin per 100 cc. 
t Calculated as 8.8 per cent patient’s weight. 

t The figures in parenthesis () represent the excretable pigments hemoglobin and methemoglobin. 


liberated (K). Since plasma volumes could not 
be measured, the estimations in columns C, D, E, 
G, I, K are, of course, only approximate. For 
comparison, similar data are added for 3 cases 
selected from a previous study (13) in which 
measured amounts of hemoglobin were injected 
intravenously in normal human beings. Here E 
represents the grams of hemoglobin injected, and 
the plasma levels (H) are those noted at once 
after injection. 

DISCUSSION 

While the objective of finding the cause of the 
hemolysis was not attained, the observations per- 
mit certain deductions as to ( 1 ) mechanism of 
hemolysis, (2) disposal of hemoglobin and ( 3 ) 
cause of death. 

( 1 ) Mechanism of hemolysis 

Fairley’s demonstration (1) that methemal- 
bumin is formed in vitro and in vivo from extra- 
corpuscular blood pigments in human serum is 
evidence that the methemalbumin in the present 
case was secondary to the hemolysis and was not 
directly mediated by the sulfonamides. It appar- 
ently does not play a role in the mechanism of 


hemolysis. Sul f hemoglobin may also be excluded 
since none was found (except 4 per cent in the 
cells of Case 4). 

The occurrence of large proportions of methe- 
moglobin in the serum with less in the intact red 
blood cells suggests the possibility that it was the 
red blood cells containing methemoglobin which 
underwent hemolysis. 9 This might indicate that 
formation of methemoglobin in the red blood 
cells was an etiological factor. Inasmuch as 
methemoglobin is formed from hemoglobin only 
by oxidizing agents ( e.g ., ferricyanide), the uni- 
form occurrence of some methemoglobin in the 
red cells of all patients treated with the sulfona- 
mide drugs (3, 14) is excellent evidence that the 
body produces oxidizing agents from these drugs 
(15). Furthermore, one such oxidant, hydroxy- 
Iaminobenzene sulfonamide, unlike ferricyanide, 
can penetrate the erythrocyte membrane and is 
detectable in the urine during sulfanilamide ther- 
apy (16). The contrast between the frequency 
of methemoglobin in the red blood cells and the 
infrequency of hemolytic anemia shows that, al- 

0 It is not certain, however, how much of the methemo- 
globin in the serum was present in the red blood cells 
before hemolysis; some may have been formed after 
hemolysis by the unknown oxidant. 
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though oxidizing agents are usually formed, they 
per sc are not hemolytic. Furthermore, if the 
usual oxidation products were hemolytic, one 
would of necessity expect that hemolysis would 
parallel methemoglobin formation. This is not 
the case. Most patients receiving huge doses over 
long periods of time with correspondingly large 
amounts of methemoglobin in their cells (up to 
40 per cent in man (14), 75 per cent in monkeys 
(17)), do not develop hemolysis. On the other 
hand, when hemolytic anemia occurs, it appears 
early — within 2 to 5 days from the start of ad- 
ministration, and after only moderate doses of 
the drug (only 12 grams in one of the present 
cases). Accordingly, it is possible that certain 
individuals form unusual oxidation products 
which are hemolytic and which are present in or 
affect chiefly the red cells containing methemo- 
globin. For example, the nitro compound repre- 
senting a further stage of oxidation of the amino 
group of sulfanilamide than the hydroxylamine 
is more toxic as well as more bacteriostatic (18). 
Presumably, this peculiarity is permanent for the 
individual, for in 3 out of 4 patients who once 
suffered acute hemolytic anemia from sulfanila- 
mide, readministration of the drug a year later 
again induced this syndrome and on the identical 
day (19). 

It has been stated that a “ transient but striking 
increase of fragility to sodium chloride in 5 cases 
of severe sulfanilamide hemolytic anemia ” was a 
preliminary stage in hemolysis (20). The ab- 
sence of increased fragility, on the other hand, 
ni 3 cases studied after the hemolysis had been 
completed (21) is explicable by our finding that 
the red blood cells not hemolyzed were relatively 
normal, i.e., free of methemoglobin ; this suggests 
that the fragility reported only lasts until the 
already damaged red blood cells have been laked. 

It is possible, also, in view of the peculiar tim- 
| n g and small inciting dosage, that this syndrome 
* S re sult of drug allergy. Landsteiner (22) 
as shown that antibodies may be produced after 
sensitization with many drugs chemically linked to 
proteins, and this has recently been carried out 
with the sulfonamides (23). None of the other 
r ogs known to cause drug allergy, however, pro- 
Uces hemolytic anemia. Furthermore, drug fever 
an skin rashes, complications of sulfonamide 


therapy more readily attributable to drug allergy, 
are not associated with hemolytic anemia. 

(2) Disposal of hemoglobin; hemoglobinuria , 
bilirubin formation 

In the previous study of the renal threshold in 
man (13), hemoglobin levels of 0.32 gram per 
100 cc. were obtained immediately after intra- 
venous injection of 8 grams of hemoglobin. Re- 
moval of the hemoglobin from the circulation was 
very rapid, being complete in all cases at 12 hours. 
In the hemolytic anemia cases the amounts of 
hemoglobin liberated were 50 to 100 times greater 
(495 to 763 grams). If the acute hemolysis oc- 
curred at one time, the initial levels of hemoglobin 
would have ranged around 10 grams per 100 cc. of 
plasma. The actual levels, 1.66 to 0.34 gram per 
cent found 12 to 48 hours later, show how rapid 
must have been the removal of the huge amounts 
of hemoglobin. 

A surprisingly small proportion of all this 
hemoglobin was excreted 10 ; in the experiments, 
never more than 8 per cent of the amount in- 
jected; in the hemolysis cases, not over 4 per cent 
of the amount liberated. This does not point to a 
renal threshold (25) with excretion of all hemo- 
globin above some given plasma level. 

What happens to the retained hemoglobin? 
Some is obviously transformed almost at once to 
bilirubin. The intense and prompt jaundice 11 
shown by all the patients may reasonably be at- 
tributed to overloading of the liver by the bili- 
rubin produced suddenly from several hundred 
grams of hemoglobin. The normal liver excretes 
in 24 hours an amount of bilirubin derivable from 
destruction of about 12% grams of hemoglobin 
(27) but is known to have considerable reserve 
capacity (28). The previous experimental injec- 
tion of amounts up to 8 grams of hemoglobin pro- 
duced scarcely measurable increases in blood bili- 
rubin (13) ; injections of amounts up to 16 grams 
produced slight bilirubinemia (29). That the 
jaundice is due to the excess of bilirubin rather 

10 Many cases of hemolytic anemia have gross hema- 
temesis and melena (24). It is not known whether this 
represents excretion of hemoglobin or actual hemorrhage. 

11 Every 100 grams of hemoglobin may be converted to 
4 grams of bilirubin. Certain tissues absorb large amounts 
of bilirubin in excess of their water content (26). 
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than liver damage is shown by the minor liver 
changes at autopsy (our Case 3 and (30)) and by 
the prompt disappearance of jaundice in those 
cases which recover. This contrasts with the 
marked liver damage in the non-hemolytic type of 
sulfonamide jaundice (31). 

( 3 ) Cause of death 

Renal blockage due to obstruction of the tubules 
by precipitated hemoglobin is frequently stated to 
be the cause of death in hemoglobinuria (32). 
De Navasquez (33) has recently restudied this 
question. His analysis of human and animal ma- 
terial does not support the view that simple me- 
chanical blockage of the renal tubules is an ade- 
quate explanation. Suppression of urine occurred 
in several of our cases (not those detailed in this 
report) and one of them had anuria for 24 hours, 
but none of them died of it. When death follows 
from renal insufficiency in hemoglobinuria, it is 
caused by uremia and occurs at a much later date. 

Anuria or oliguria can be caused by shock, and 
our severe cases were in shock. The cause of 
shock from hemolysis is unknown. Attempts to 
detect a high degree of toxicity in dissolved red 
cells themselves have failed. 12 Laked red cells are 
relatively innocuous (although most of the experi- 
ments on this point have been done with doses 
proportionately far smaller than the huge mass of 
cells dissolved in the present cases). Potassium 
from dissolved red cells has been suggested as the 
toxic agent (34) but the symptoms of potassium 
poisoning are different from those of hemolytic 
shock. 

In experimental hemoglobinemia (13), and in 
the present cases (Table II), the products of 
hemolysis disappear with extraordinary rapidity 
from the circulation. The red cells normally 
constitute 45 per cent of the blood volume. The 
destruction and removal of % of the original num- 
ber of red cells with the resulting 30 per cent re- 
duction in blood volume might be a contributory 
factor in producing shock. 

Reviewing the course of the severest cases, it is 
apparent that transfusion was of no great benefit, 

12 Two hundred cc. of pooled blood of dogs was laked 
with distilled water and centrifuged. The sedimented 
stroma was resuspended and injected intravenously into a 
normal dog. No toxicity resulted. 


possibly because of further hemolysis of the new 
blood. Plasma transfusion would be free of this 
danger. 

SUMMARY 

The acute hemolytic anemia of sulfanilamide 
and sulfapyridine therapy was studied in 4 cases, 
two of them fatal. 

Those erythrocytes which survived hemolysis, 
the serum (which contained the products of 
hemolysis), and the urine were examined by the 
objective photoelectric spectrophotometer. 

The red cells that survived hemolysis were es- 
sentially normal, containing little methemoglobin 
or sulfhemoglobin. The serum 12 to 48 hours 
after onset of hemolysis contained 0.4 to 1.7 
grams per 100 cc. of three blood pigments, hemo- 
globin, methemoglobin and, contrary to expecta- 
tion, not sulfhemoglobin, but Fairley’s new pig- 
ment, methemalbumin. This pigment was then 
prepared according to Fairley’s technic of incubat- 
ing human plasma with hemoglobin, and a method 
for its measurement is described. No evidence 
was found for its involvement in the hemolytic 
process ; it was not excreted in the urine. 

The relation of methemoglobin and hemolysis 
to oxidation products of the sulfonamides is 
discussed. 

Approximate calculation was made of the 
amounts of hemoglobin liberated in these explo- 
sive hemoglobinemias. Comparison with the small 
amounts left in the circulation after 12 to 48 hours, 
and the still smaller amounts (4 per cent or less) 
excreted by the kidneys, shows that the body has 
means of removing rapidly from the plasma some 
500 to 700 grams of hemoglobin without the aid 
of renal excretion. 

Shock was a prominent symptom most marked 
in the fatal cases. The hemolyzed cells in these 
cases represented about 30 per cent of the total 
blood volume. This much reduction in blood vol- 
ume following the demonstrated rapid removal o 
the products of hemolysis from the circulation 
may be a factor in the explanation of hemolytic 
shock. 
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than liver damage is shown by the minor liver 
changes at autopsy (our Case 3 and (30) ) and by 
the prompt disappearance of jaundice in those 
cases which recover. This contrasts with the 
marked liver damage in the non-hemolytic type of 
sulfonamide jaundice (31). 

(3) Cause of death 

Renal blockage due to obstruction of the tubules 
by precipitated hemoglobin is frequently stated to 
be the cause of death in hemoglobinuria (32). 
De Navasquez (33) has recently restudied this 
question. His analysis of human and animal ma- 
terial does not support the view that simple me- 
chanical blockage of the renal tubules is an ade- 
quate explanation. Suppression of urine occurred 
in several of our cases (not those detailed in this 
report) and one of them had anuria for 24 hours, 
but none of them died of it. When death follows 
from renal insufficiency in hemoglobinuria, it is 
' caused by uremia and occurs at a much later date. 

Anuria or oliguria can be caused by shock, and 
our severe cases were in shock. The cause of 
shock from hemolysis is unknown. Attempts to 
detect a high degree of toxicity in dissolved red 
cells themselves have failed. 12 Laked red cells are 
relatively innocuous (although most of the experi- 
ments on this point have been done with doses 
proportionately far smaller than the huge mass of 
cells dissolved in the present cases). Potassium 
from dissolved red cells has been suggested as the 
toxic agent (34) but the symptoms of potassium 
poisoning are different from those of hemolytic 
shock. 

In experimental hemoglobinemia (13), and in 
the present cases (Table II), the products of 
hemolysis disappear with extraordinary rapidity 
from the circulation. The red cells normally 
constitute 45 per cent of the blood volume. The 
destruction and removal of % of the original num- 
ber of red cells with the resulting 30 per cent re- 
duction in blood volume might be a contributory 
factor in producing shock. 

Reviewing the course of the severest cases, it is 
apparent that transfusion was of no great benefit, 

12 Two hundred cc. of pooled blood of dogs was laked 
with distilled water and centrifuged. The sedimented 
stroma was resuspended and injected intravenously into a 
normal dog. No toxicity resulted. 


possibly because of further hemolysis of the new 
blood. Plasma transfusion 'would be free of this 
danger. 

SUMMARY 

The acute hemolytic anemia of sulfanilamide 
and sulfapyridine therapy was studied in 4 cases, 
two of them fatal. 

Those erythrocytes which survived hemolysis, 
the serum (which contained the products of 
hemolysis), and the urine were examined by the 
objective photoelectric spectrophotometer. 

The red cells that survived hemolysis were es- 
sentially normal, containing little methemoglobin 
or sulf hemoglobin. The serum 12 to 48 hours 
after onset of hemolysis contained 0.4 to 1.7 
grams per 100 cc. of three blood pigments, hemo- 
globin, methemoglobin and, contrary to expecta- 
tion, not sulf hemoglobin, but Fairley’s new pig- 
ment, methemalbumin. This pigment was then 
prepared according to Fairley’s technic of incubat- 
ing human plasma with hemoglobin, and a method 
for its measurement is described. No evidence 
was found for its involvement in the hemolytic 
process; it was not excreted in the urine. 

The relation of methemoglobin and hemolysis 
to oxidation products of the sulfonamides is 
discussed. 

Approximate calculation was made of the 
amounts of hemoglobin liberated in these explo- 
sive hemoglobinemias. Comparison with the small 
amounts left in the circulation after 12 to 48 hours, 
and the still smaller amounts (4 per cent or less) 
excreted by the kidneys, shows that the body has 
means of removing rapidly from the plasma some 
500 to 700 grams of hemoglobin without the aid 
of renal excretion. 

Shock was a prominent symptom most marked 
in the fatal cases. The hemolyzed cells in these 
cases represented about 30 per cent of the total 
blood volume. This much reduction in blood vol- 
ume following the demonstrated rapid removal o 
the products of hemolysis from the circulation 
may be a factor in the explanation of hemolytic 
shock. 
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In the course of the study of acute hemolytic 
anemia and hemoglobinuria during administration 
of sulfonamide drugs (1), the patients’ sera were 
found to contain a pigment which, like methemo- 
globin and sulfhemoglobin, showed an absorption 
in the red region of the spectrum. The character- 
istic band of this pigment, around A620 mg and 
adjacent to that of methemoglobin, was not al- 
tered by cyanide, although that of methemoglobin 
was obliterated. Furthermore, comparisons with 
known mixtures and calculations based upon ab- 
sorption coefficients for sulfhemoglobin, methemo- 
globin, and hemoglobin did not correspond with 
the observed spectrophotometric measurements. 2 

At this time (1940) Fairley’s paper appeared 
describing a new pigment (3) with practically 
identical properties named methemalbumin (1937, 
1938) (4). The pigment, which did not occur in 
washed, laked erythrocytes nor in urine, was 
readily formed by incubating laked human ery- 
throcytes with human plasma at 37° C. for several 
days. Our observations were in accord with these. 

Inasmuch as the sera in cases of acute hemolytic 
anemia contained hemoglobin, methemoglobin, and 
a Pparently methemalbumin (1), it was necessary 
to obtain absorption coefficients for this new pig- 
ment in order to determine its proportion in these 
sera. Fairley’s procedure was, therefore, repeated 
and the resulting solutions (after centrifuging off 
the heavy precipitate to be described after further 
study) W ere analyzed with the Hardy recording 

spectrophotometer (5). 

To establish the identity of the new pigment, 
two reagents were used; 5 per cent neutralized 
a CN 3 and 3 per cent hydrogen peroxide. The 
c yanide w as used first to obliterate the absorption 

Part the Dazian Foundation, 
sorption coefficients for hemoglobin and methemo- 
0 in taken from Fox and Cline (7) and for sulfhemo- 
ekbm taken from Drabkin (2). 

^ mmonium sulfide may be used but this frequently 
Elobin C ° n * US * on subsequently producing sulfhemo- 


caused by methemoglobin at A630 mg without 
changing absorption in this region attributed to 
methemalbumin. Hydrogen peroxide was next 
added to obliterate the absorption band of sulf- 
hemoglobin, if present. 

In Figure 1 are shown the transmission curves 
of the new pigment, methemalbumin, together with 
curves of methemoglobin, sulfhemoglobin, and 
oxyhemoglobin and the changes that negate the 
absorption in the region of interest. 4 In the case 
of methemalbumin after the addition of cyanide, 
the absorption in the red region is decreased 
slightly owing to the removal of small contaminat- 
ing amounts of methemoglobin. The subsequent 
addition of hydrogen peroxide caused no further 
change. Table I summarizes these findings which 
correspond to Fairley’s results. 


TABLE I 

Differential reactions of the blood pigments 



Methemo- 

Sulfhemo- 

Methem- 

Reagent* 

globin 

globin 

albumin 

X630 m fi 

X620 m/x 

X620 -p mji 


band 

band 

band 

Cyanide, 5 per cent . 

obliterated 

unaltered 

unaltered 

H 2 O 2 , 3 per cent ., . . 

obliterated 

obliterated 

l 1 

unaltered 


* Fairley also used several other reagents which disperse 
the band of methemoglobin but not the adjacent band of 
methemalbumin (3,4). Ammonium sulfide caused con- 
fusion by subsequently producing a sulfhemoglobin band 
at 620 m/i. Stokes' reagent, hydrazine hydrate and sodium 
fluoride might also be used but the results with cyanide 
alone are quite convincing. The major problem is differen- 
tiation from sulfhemoglobin; H 2 0 2 is the only reagent 
known to disperse the sulfhemoglobin band but not the 
methemalbumin band. This test also excludes verde- 
hemochromogens (8), 

Determination of absorption coefficients 

In Figure 2 is shown the transmission curve A 
of the supernatant of a plasma hemoglobin solu- 

4 For ease of comparison arbitrary concentrations have 
been selected. Before spectroscopy, all specimens were 
diluted about 10 times with M/4 phosphate buffer of pH 
7.0 to prevent variations in the absorption by methemo- 
globin with varying pH (2). 


603 



602 


CHARLES L. FOX, JR* AND REUBEN OTTENBERG 


31. Ottenberg, R., and Spiegel, R., The present status of 

chemical and infectious jaundice, (In prepara- 
tion,) 

32, Baker, S. L., and Dodds, E. C, Obstruction of the 

renal tubules during the excretion of haemoglobin, 
Brit. J. Exper, Path., 1925, 6, 247. 


33. De Navasquez, S., The excretion of haenr 

with special reference to the " Transfusion 
ney. Jour. Path, and Bact., 1940, 51, 413. 

34. Scudder, J., and others, Studies in blood presc 

tion. J. A. M. A., 1939, 112, 2263. 



SPECTROPHOTOMETRY OF FAIRLEY'S NEW BLOOD PIGMENT 

METHEMALBUMIN 


By CHARLES L. FOX, JR.* 

( From the Department of Bacteriology , College of Physicians and Surgeons, Columbia 

University, iVav York City) 

(Received for publication April 16, 1941) 


In the course of the study of acute hemolytic 
anemia and hemoglobinuria during administration 
of sulfonamide drugs (1), the patients' sera were 
found to contain a pigment which, like methemo- 
globin and sulfhemoglobin, showed an absorption 
in the red region of the spectrum. The character- 
istic band of this pigment, around \620 mg and 
adjacent to that of methemoglobin, was not al- 
tered by cyanide, although that of methemoglobin 
was obliterated. Furthermore, comparisons with 
known mixtures and calculations based upon ab- 
sorption coefficients for sulfhemoglobin, methemo- 
globin, and hemoglobin did not correspond with 
the observed spectrophotometric measurements. 2 

At this time (1940) Fairley's paper appeared 
describing a new pigment (3) with practically 
identical properties named methemalbumin (1937, 
1938) (4). The pigment, which did not occur in 
cashed, laked erythrocytes nor in urine, was 
readily formed by incubating laked human ery- 
rocytes with human plasma at 37° C. for several 
a ys* Our observations were in accord with these. 

nasmuch as the sera in cases of acute hemolytic 
anemia contained hemoglobin, methemoglobin, and 
apparently methemalbumin (1), it was necessary 
0 0 tain absorption coefficients for this new pig- 
^ en t in order to determine its proportion in these 
a !"f’ i *** procedure was, therefore, repeated 
the h 6 resu ^?5 solutions (after centrifuging off 
stud ^ rec ^ tate to be described after further 

s p«topILTte(5).' vith ,he Hardy recorlling 

two rM^n, l£h the ldentit y of the new pigment, 
NaCRa s Were used; 5 per cent neutralized 
cyanic ^ ^ Gr cent hydrogen peroxide. The 
USed first t0 obliterate the absorption 

*Absotption a r « - thC Dazian Foundation. 

Sl°biu tak . 0e Clent s for hemoglobin and methemo- 

Kl°bin taken from n ° x anc * ^* ne an d f° r sulfhemo- 

2 a 1 lr °m Drabkin (?} 

^fusion h v C HJ. ay be used but frequently 
globin. 5l0n ** subsequently producing sulfhemo- 


caused by methemoglobin at A630 mg without 
changing absorption in this region attributed to 
methemalbumin. Hydrogen peroxide was next 
added to obliterate the absorption band of sulf- 
hemoglobin, if present. 

In Figure 1 are shown the transmission curves 
of the new pigment, methemalbumin, together with 
curves of methemoglobin, sulfhemoglobin, and 
oxyhemoglobin and the changes that negate the 
absorption in the region of interest 4 In the case 
of methemalbumin after the addition of cyanide, 
the absorption in the red region is decreased 
slightly owing to the removal of small contaminat- 
ing amounts of methemoglobin. The subsequent 
addition of hydrogen peroxide caused no further 
change. Table I summarizes these findings which 
correspond to Fairley's results. 


table r 

Differential reactions of the blood pigments 


1 

; 

Methemo- 

Sulfhemo- 

Methem- 

Reagent* 

globin 

globin 

albumin 

h630 rati 

X<520 m/i 

X620-J- m/i 


band 

band 

band 

Cyanide, 5 per cent . 

obliterated 

unaltered 

unaltered 

Hj0 2 , 3 per cent . . . . 

obliterated 

obliterated 

unaltered 


* Fairley also used several other reagents which disperse 
the band of methemoglobin but not the adjacent band of 
methemalbumin (3,4). Ammonium sulfide caused con- 
fusion by subsequently producing a sulfhemoglobin band 
at 620 mg. Stokes’ reagent, hydrazine hydrate and sodium 
fluoride might also be used but the results with cyanide 
alone are quite convincing. The major problem is differen- 
tiation from sulfhemoglobin; H 2 O 2 is the only reagent 
known to disperse the sulfhemoglobin band but not the 
methemalbumin band. This test also excludes verde- 
hemochromogens (8). 

Determination of absorption coefficients 

In Figure 2 is shown the transmission curve A 
of the supernatant of a plasma hemoglobin solu- 

4 For ease of comparison arbitrary concentrations have 
been selected. Before spectroscopy, all specimens were 
diluted about 10 times with M/4 phosphate buffer of pH 
7.0 to prevent variations in the absorption by methemo- 
globin with varying pH (2). 
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tion that bad not been incubated as long as the 
solution represented in curve B . The hemoglobin 
bands present in curve A had practically disap- 
peared in curve B, indicating almost complete dis- 
appearance of hemoglobin from the solution. It 
\va s then assumed that the curve B represented 
only methemalbumin and methcmoglobin. The 
total pigment was determined by iron analysis 
with alpha alpha' dipyridyl (6). The methemo- 
globin, determined independently by the change 
in optical density at A630 m/x after the addition of 
cyanide, was then subtracted from the total to ob- 
tain the quantity of methemalbumin present 
Since the absorption coefficients of methcmoglobin 
had been determined previously on this instru- 
ment (7), it was possible to subtract its absorption 
from curve B, using this formula based on Beers 
and Bouguer’s laws : 

1 

log — — bed 
T 

d — thickness of cell in cm. 
c — concentration in grams per cent 
b — absorption coefficient 
T — light transmission, per cent. 

The calculations are summarized in Table II and 
the resulting curve C of methemalbumin is shown 
m Figw'e 2. By the same equation, the absorption 
coefficients for methemalbumin were computed 
and are listed in Table II. 

TABLE II 


Computation of absorption coefficients of methemalbumin 


Wavtlength 

Experi- 

mental 

logl/r 

Methemoglobin 
to be 

, subtracted 
(0.0572 XK Mhb) 

Methem- 

albumin 

computed 

absorption 

Methem- 

albumin 

absorption 

coefficients 

mp 

700 

660 

0.177 

0.007 

0.170 

0.72 

630 

0.323 

0.027 

0.296 

1.25 

620 

0.751 

0.133 

0.618 

2.61 

600 

0.788 

0.125 

0.663 

2.79 

580 

0.770 

0.113 

0.657 

2.77 

560 

1.039 

1.112 

1.456 

1.414 

1.502 

1.55 

0.137 

0.922 

3.89 

540 

0.144 

0.968 

4.08 

520 

0.222 

1.234 

5.2 

500 

0.272 

1.142 

4.83 

480 

0.319 

1.183 

5.0 


0.286 

1.264 

5.34 


Figs. 1, 2 and 3. Transmission Curves 


In order to check the accuracy of the data, the 
resulting absorption coefficients were used to com- 
pute the concentrations of hemoglobin, methemo- 
globin, and methemalbumin in the solution con- 
taining all three represented by curve A in Figure 
2. The method previously described (7) of solv- 
ing three simultaneous equations was used. Equa- 
tions were set up at the peak wavelength of each 
component A540 m/x, A630 m/x, A620 m /t, and solved 
for the concentration of each component, e.g., at 
A630 m/x. 

1 

log — = 0.133 X concentration Hb. + 2.32 

t 

X concentration MHb. -f- 2.55 

concentration MHAlb. 

As a check on the reliability of the entire com- 
putation, the values for the concentration of each 
component were then substituted at 6 other wave- 
lengths and values for the transmission of such a 
solution were computed. Comparison with the ob- 
served values are shown in Table III and serve to 
establish the relative accuracy of the coefficients 
of methemalbumin that were obtained. 

The absorption coefficients are quite similar to 
those for methemoglobin and further confirm 
Fairley’s suggestion that “ the iron is held in the 
trivalent state, and is even more resistant to re- 
ducing agents than methemoglobin itself” (4). 

It was also possible to apply these data to serum 
obtained from a patient who had suffered acute 
blood destruction during therapy with sulfonamide 
drugs (1). This specimen had been measured 
with the Hardy at the time of the hemolytic crisis. 5 
It was then allowed to remain in the refrigerator 
for 2 months and again measured (Figure 3). 
The sharp hemoglobin bands originally present had 
almost entirely disappeared and the band in the 
red region that resisted both cyanide and hydrogen 
peroxide had increased markedly ; apparently, 
much more methemalbumin had formed. The 
methemoglobin was computed by the change in 
density at A630 m/x after adding cyanide. The 
concentrations of hemoglobin and methemalbumin 

5 Case 4 in Bibliography (1). 
h the Hardy Recording-Spectrophotometer 


Ordinates = Per cent of light transmission. 
Abscissae = Wavelength of light in mp. 
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TABLE III 

Check on absorption coefficients of methemalbumin 


Wave- 

length 

Hemoglobin 

(0.082 Xfcjibl 

Methemoglobin 
(0.04 XI'MHbl 

Methcmalfrumin 
(0.0G9 XA M Halb) 

Calculated 
logl/r ’ 

Experimental 

\og i/r 

mfi 

gram per cent 

gram per cent 

gram per cent 



600 

0.046 

0.078 

0.191 

0.316 

0.312 

580 

0.585 

0.076 

0.27 

0.951 

. 0.969 

560 

0.476 

0.101 

0.282 

0.859 

0.824 

520 

0.338 

0.19 

0.333 

• 0.861 

0.824 

500 

0.271 

0.223 

0.345 

0.839 

0.817 

480 

0.340 

0.200 

0.368 

0.908 

0.88 


were computed by two equations 6 at A620 m/x and 
A540 ntyi. Using the concentrations obtained, 
values for log 1/T at 8 other wavelengths were 
computed and are compared with the experimental 
values (Table IV). 


TABLE IV 

Formation of metJiemalbumin at 10 0 C. after intravascular 

hemolysis 


Wavelength 

Experimental 
log 1 IT 

Calculated 
log i/r 

rti}x 



700 

0.077 

0.078 

660 

0.140 

0.142 

630 

0.328 

0.329 

620 

0.344 

0.344 

600 

0.359 

0.342 

580 

0.538 

0.544 

560 

0.594 

0.552 

540 

0.727 

0.727 

520 

0.699 

0.665 

500 

0.770 

0.752 

480 ‘ 

0.809 

0.724 

Values calculated on basis of: 


Hemoglobin 

= 0.01144 gram per cent. 

Methemoglobin 

= 0.0244 gram per cent. 

Methemalbumin 

= 0.1036 gram per cent. 


There are some discrepancies between Table III 
and Table IV ,* it is recognized that the values for 
the absorption coefficients in the green are the 
least reliable and the discrepancies are most 

« In view of the fact that the method of simultaneous 
equations is open to criticism when more than two pig- 
ments are present, the concentration of methemalbumin 
was also calculated more directly by using the residual 
absorption at X620 rn/i after cyanide and the coefficient 
for methemalbumin 2.79 (Table II). After subtracting 
for the absorption of cyanmethemoglobin, the concentra- 
tion of methemalbumin found is 0.108 gram per cent. 
This is 4 per cent more than the result 0.104 gram per 
cent by the method of simultaneous equations. The dif- 
ference is presumably due to the fact that, in the residual 
absorption method, no allowance can be made for the 
small amount of absorption at this wavelength from the 
hemoglobin present. 


marked in this region. Furthermore, the serum 
used in Table IV was that of . a case of acute 
hemolytic anemia, and did not give an absolutely 
clear solution for stud}'. 


SUMMARY AND CONCLUSIONS 
Fairley's new blood pigment methemalbumin 
was measured in the visible range with the record- 
ing spectrophotometer and preliminary values of 
its absorption coefficients were obtained. 

The characteristic absorption curve of this new 
pigment is compared with that of hemoglobin, 
methemoglobin, and sulfhemoglobin. 

The data obtained are utilized in measuring the 
formation of methemalbumin, in vivo and in vitro. 
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Wintemitz and his associates ( 1 ) observed elec- 
trocardiographic changes in (logs rendered amine 
by bilateral occlusion of renal arteries. These 
changes were so similar to those which had been 
previously reported hv the present authors in ex- 
perimental potassium poisoning (2, 3) that a com- 
mon origin was suspected. A systematic experi- 
mental study of the association between anuria 
and potassium poisoning was therefore undertaken 
and forms the subject of the present report. 


REVIEW or LITERATURE 

In 1822 Gaspard (4) and Scgalas (5) observed sudden 
death following the intravenous injection of urine; Voit 
(6) in 1868 first suggested that potassium might be the 
poisonous element. Astaschcwsky (7) and Fcltz and 
Ritter (8), followed a few years later by Reck (9) and 
Herringham (10), clearly demonstrated tliat the toxicity 
of urine samples varied with their potassium content, 
although certain other investigators continued to empha- 
size the importance of other toxic substances in urine 
(11 to 16). Both Beck and Herringham carefully pointed 
out that their experiments proved only that urine is toxic, 
not that potassium is responsible for the symptoms or 
for the fatal outcome of 44 uremia.” 

Tlic suggestion that potassium might accumulate within 
t ie body and might be responsible for various 44 toxic ” 
manifestations of renal disease is not new. Accurate de- 
termination of potassium concentration in serum was, 
o\\e\er, necessary to establish this hypothesis, and tech- 
Alf y rebab l e me thods were unavailable until recently. 

0 er estimations, and many of those published as 
I!- y as L fifteen or ^enty years ago (8, 17, 18), must 
, .. or . e be accepted with reservations. More recent 
inc IGS 1 . n< ? 1Cate that, although potassium is not regularly 
■ ase ln * be scrum of patients with renal disease, even 
snor=fi^ reS f nCe ° f SCVere azotemia (19) and in 44 uremia,” 
oft rt C ! e y ations ma y ^ found (19 to 25). On the 
serum l n ’ increase ln th c concentration of potassium in 
_ — as een observed with some regularity in experi- 

Yale tw ^ S rant s from the Fluid Research Fund of 
from ^ Ila ^ acbs Foundation, and 

cal Association'^ ^ Therapeut ’' cs of the American Medi- 

PhysioWi'-Tc r . CP ° rt P resente( l before the American 
133, 331 ) S0ClHy > April 1941 (Am. J. Physiol., 1941, 


mental animals with ligated ureters (21, 26, 27, 28) and 
with bilateral renal infarction (1). 

Rationale of present experiments 

There is nothing to indicate that the irregular 
increases in potassium of serum in anuria men- 
tioned above were of sufficient magnitude to cause 
death, or even to produce lesser evidences of tox- 
icity. Electrocardiographic changes only havej 
been reported (1, 28), without other signs of car-.* 
diovascular insufficiency. Substances other than 
potassium, many of them fatally toxic when in- 
jected individually in large quantities, also accu- 
mulate during anuria (23). In the absence of 
any evidence other than its mere presence in serum 
in increased concentration, it is quite arbitrary to 
select one or another particular substance and as- 
sign to it a primary role in causing death. 

To know if potassium is responsible for the 
death of anuric animals, it is essential to follow 
the electrocardiogram and the serum potassium 
concentration until the actual moment of death. 
The course may then be compared with that fol- 
lowing intravenous injection of potassium salts in 
otherwise normal animals (2). A reasonable 
basis for the conclusion that potassium itself is 
the cause of death would be provided if the anuric 
animals should: ( 1 ) develop the same sequence of 
electrocardiographic changes with rising serum po- 
tassium as do normal animals (Figure 1) ; (2) 
survive until a concentration of serum potassium 
is attained at which normal animals die; (J) in- 
variably die when such a concentration is reached ; 
and (4) develop the same terminal electrocardio- 
graphic changes and die in the same way as do 
the controls. This conclusion would be strength- 
ened if death occurred at the same concentration 
of serum potassium in ordinary anuric dogs and in 
those receiving added potassium, since the two 
groups would have in common only the single 
factor of the serum potassium concentration. 
Conversely, if these conditions should not be ful- 
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Fig. 1. Normal Animal Receiving Isotonic KC1 Intravenously at a Uniform Rate 

Until Death 

The figures on each electrocardiogram indicate the usual concentrations of serum potassium as- 
sociated with the changes it shows. 

(A) Control, Lead II. 

(B) T waves higher, beginning drop of S-T segment. 

(C) Further increase in height of T waves and depression of S-T segment. The P waves are 
still intact. 

(D) Disappearance of P waves. T waves diphasic. 

(E) P waves remain absent, T waves diphasic. Beginning widening of QRS complexes. 

(F) Marked QRS widening (intraventricular block). 

(G) , (H) Terminal disorganization of the entire complex. 
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filled, potassium accumulation is probably not the 
cause of death in anuria. 

Since the validity of this method of attack rests 
in part on the specificity of the sequence of elec- 
trocardiographic changes induced by potassium, 
they will be described briefly. They arc in the 
sequence in which they appear: (1) progressive 
heightening of the T wave, which often becomes 
diphasic, together with a drop in S-T segment, 
(2) disappearance of the P wave, ( 3 ) widening 
of the QRS complex, indicating intraventricular 
block, and (*/) cardiac arrest. 

This sequence is shown in Figure 1, together 
with the concentration of scrum potassium associ- 
ated with each change. Certain other changes, 
such as P-R dissociation, sometimes occur. The 
T wave is characteristically sharp in outline. 

Although no individual change is pathognomonic 
of potassium effect, the sequence is so invariable 
and so uniquely characteristic when taken in its 
entirety that it is practically diagnostic of potas- 
sium poisoning. 


METHODS AND MATERIALS 

Three groups of dogs were employed. In the first th 
ureters were tied, in the second the kidneys were removed 
y^hile in the third a solution of mercuric chloride wa 
injected intravenously. Operations were performed witl 
full aseptic precautions under anesthesia induced by intra 
peritoneal nembutal or sodium amytal. Three to fou 
mer curic chloride per kilo of body weight wer 
injected slowly into the femoral vein as a 0.1 per cen 
u ^ on isotonic saline. All animals given mercur 
>ecame completely anuric within twelve hours, and ii 
3 one did urine flow later recommence, with eventua 
eco’verj. In the majority of the experiments food am 
_ withheld after anuria became established 
nc_ ree drinking of water resulted in persistent vomit 
ng and secondary chloride depletion. Animals showinj 
niucous membranes or other evidences of de 
inm 3 10n rece * Ve( l intraperitoneal injections of 500 o 
cc. of normal saline. 

st J, eCtr0Card *° grams " ere teken from Lead II in all in 
usual! 5 ' USm , g a Sanborn “ Cardiette.” Whole blood wa 
tein ^ or ^etmeal determination of nonpro 

clot unJ 0 ^ 61 '! ^ erum se P ara ted from blood allowed t 
calcium r %vas emplo > re( I for potassium, chloride am 
vein or . Samples were taken from the femora 

heart v the a . nimaI was moribund, directly from th 
Kjeldahl ° npr ° tem nitr °gen was determined by a micr 
Raid’s rnofTfi 111 ^ 6 * potassium as chloroplatinate b 

(30) • calci Cat x!° n ° f the method of Shohl and Bennet 
precipitate r?i ^ 3 pe ^ man Sanate titration of an oxalat 
* tC (31) ; and chloride by the method of Vai 


Slykc (29). Before operation and at frequent intervals 
thereafter electrocardiograms and blood samples were 
taken. An attempt was made to be present at the actual 
moment of death, in order to obtain the terminal electro- 
cardiogram and blood sample. This was successfully 
accomplished in about half of the experiments. 

Certain observations on patients with advanced renal 
disease have been included for comparative purposes. All 
techniques were identical with those employed in experi- 
mental animals. 


RESULTS 

( A ) Experiments with anuria due to nephrectomy 
and to ureteral ligation 

The uncomplicated course of events following 
bilateral ureteral ligation was studied in twelve 
dogs; that following bilateral nephrectomy in six 
others. These two separate modes of producing 
anuria were employed because their pathological 
results differ (1, 32). Tables I and II, respect- 
ively, summarize these groups of experiments. 
The results in both groups are evidently very 
similar. Those of a chemical nature are: (1) 
progressive increase of serum potassium and of 
blood nonprotein nitrogen throughout the course 
of each experiment; (2) irregular decrease of 
serum chloride concentration; and (3) little 
change in calcium concentration. The electro- 
cardiographic findings are: ( 1 ) changes in the T 
wave demonstrable within twenty-four to forty- 
eight hours, first appearing at potassium concen- 
trations of 6 to 7 mM. per liter, and persisting in 
progressively intensified form throughout the 
course; (2) disappearance of P waves, usually 
after seventy to 100 hours, with serum potassium 
concentrationof 9 to 11 mM. per liter; and, finally, 
(3) progressive widening of QRS complexes, fol- 
lowed within a few minutes, or at most within a 
few hours, by cardiac arrest and death. The 
widening of the QRS complex occurred only after 
the P wave had disappeared, and was associated 
with concentrations of serum potassium ranging 
from 12 to 20 mM. per liter. These electrocar- 
diographic changes are illustrated in Figure 2, 
taken from a typical experiment following ne- 
phrectomy, and in Figure 3, taken from one with 
ureteral ligation. The changes are virtually indis- 
tinguishable from those in Figure 1 produced in 
normal animals by the intravenous injection of 
potassium. Furthermore, the concentrations of 
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potassium associated with each of these various 
changes are approximately the same as those ob- 
served in the animals with experimental potassium 
poisoning (2, 3). 

No correlation could be found between the defi- 
cits of chloride sometimes observed (Table I, Ex- 
periments 1, 2, 3, 4, 8, and 13) and electrocardio- 
graphic changes. The large deficits in the first 
three experiments were due to the free administra- 
tion of water by mouth, which induced severe 
vomiting. In the remainder of the experiments 
water was withheld and occasional injections of 
normal saline were given intraperitoneally, thus 
largely preventing chloride deficits. Since serum 
calcium was but little affected, it may be excluded 
as a disturbing factor. 

Potassium chloride solutions in varying amounts 
were injected intraperitoneally into four dogs with 


ligated ureters and into five nephrectomized dogs 
immediately following the establishment of anuria. 
The results are summarized in Table III. The 
electrocardiographic sequence in a typical experi- 
ment is presented in Figure 4. This sequence is 
indistinguishable in character and progress from 
that of a normal animal recehdng potassium con- 
tinuously (Figure 1), and from that in anuric dogs 
without intraperitoneal injection of potassium 
(Figures 2, 3). The chemical changes are also 
qualitatively similar to those in anuric dogs receiv- 
ing no potassium. 

There are, however, significant quantitative dif- 
ferences between the group with uncomplicated 
anuria and the group receiving potassium. In 
Figure 5 are plotted the concentrations of potas- 
sium in serum at death in normal animals poisoned 
with potassium, in those with uncomplicated 


TABLE i 


Ureters ligated . Experiments in which no potassium was determined 



Time 

after 

ligation 


1 

i 

j Serum 

Electrocardiographic findings 


Num- 

ber 

Death 

Blood | 
NPN ' 

K 

Cl 

Ca 

T wave 
changes 

P waves 
disap- 
pear 

QRS 

widen- 

ing 

Remarks 


hours 


1 : 

mgm. per \ 

vi M. | 

mM. 

7 ngtn* per 







100 cc . 1 

per liter \ 

per liter 

100 cc. 




Water given. Much vom- 

1 

0 


41 

6.0 

108.6 


0 

0 

0 


44 


174 


81.6 


+ 

0 

0 

iting. Saline given once. 


72 


216 

10.0 

78.2 


+ 

+ 

0 

Death not observed. 


72-84 

+ 

i 









2 

0 


29 

5.9 


9.1 

0 

0 

0 

Water given. Vomiting. 


24 




’ 


+ 

0 

0 

Infusion. 


49 


174 

6.4 

87.6 

9.0 

+ 

0 

0 

Death not observed. 


71 





+ 

+ 

rh 


77-78 

+ 


19.9 




(Blood obtained after 


78 

259 

19.9 

47.0 

9.9 

j 



death.) ___ 

3 

0 

1 

29 

6.6 

105.8 



0 

0 

Water given. Vomiting. 


36 

1 

95 

8.3 

97.2 


+ 

0 

0 


48 


124 

9.8 1 

94.8 


+ 

0 

0 



74 



10.6 

87.6 

10.8 

+ 

0 

0 

Infusion. 


92 


177 

8.8 

86.0 


+ 

+ 

0 


! 107 


194 

9.9 

89.6 


+ 

+ 

0 



115 






+ 

0 

0 



125 


1 

10.5 

| 89.2 


+ 

+ 

zb 



128 

132-139 


221 

11.2 

90.4 

9.8 

+ 


db 

Death not observed. 

i 

4 

i 

0 1 

1 

34 

6.3 



0 

0 

0 



49 




1 


+ 

0 

0 



72 

79-87 


222 

9.9 

89.6 

[ 


+ 

+ 

0 

Death not observed. 

5 

o J 

53 

70 

i 

25 

5.9 

109.4 

11.3 

0 

+ 

0 

0 

0 

0 

One convulsion. 



169 

9.7 

109.4 

10.4 

+ 

0 

0 



122 

142 

+ 

341 1 

i 

14.5 

104.6 


+ 

+ 

+ 

+ 

0 

+ 

Gradual decline to death. 
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TANIJ: i — Continued 


Num- 

ber 

j 

Time 

after 

ligation 

> 

Death 

JHnrxl 

NUN 

Scrum 

Electrocardiographic findings 

Remarks 

K 

c:t 

C'u 

T wave 
changes 

P waves 
disap- 
pear 

QRS 

widen- 

ing 

6 

1 

A. 

P!fW. pCT 

It** ce. 

26 

204 

391 

m.U. 
per liter 

5.9 

8.5 

11.9 

m.W. 
per liter 

109.4 

113.6 

9S.4 

mgm. per 
SCO cc, 

9.8 

10.2 

6.7 

0 

+ 

4- 

4* 

+ 

4- 

44+000 

0 

0 

0 

0 

4* 

4" 

Convulsion. 

Gradual decline to death. 

7 

0 


27 

5.1 

108.6 

10.9 

0 

0 

0 

Convulsion. Bloody diar- 


70 


185 

/./ 

112.0 

11.0 

4" 

0 

0 

rhea. Sudden loud cry, 


126 






4- 

4- 

4~ 

arrest of heart, dyspnea, 


141 

4- 

375 

20.4 

105.4 

9.7 

_u 

4- 

J- 

\ 

death. 

S 

0 

■ 

■KIM 

■HM 

mm 


0 

0 

0 



66 

■ 



WEaM 


4- 

0 

0 



79 






4- 

4- 

4- 



107 

H 



■ 


4- 

4- 

4- 



in 

D 



1 





Death not observed. 

10 

0 


24 

4.6 

104.6 


0 

0 

0 



73 


161 

11.8 

93.6 


4- 

4- 

0 



91-93 

+ 








Death not observed. 

11 

0 


41 

4.7 

109.4 


0 

0 

0 



24 



6.4 

107.8 

11.1 

+ 

0 

0 



49 



9.5 

105.4 


+ 

4- 

0 



65 


379 

9.2 

114.0 


+ 

0 

0 



6S 






+ 

4- 

0 



72 






+ 

4- 

4- 



82-83 

-f 




11.7 

4- 

4- 

4- 

Death not observed. 


83 



14.3 

103.8 

9.7 




Blood 1 hour postmortem. 

12 

0 


30 

4.4 

101.4 

10.4 

0 

0 

0 



49 






+ 

0 

0 



92 


226 

7.6 

100.6 

11.6 

+ 

0 

0 



103 






4* 

4- 

4* 

Cardiac failure, dyspnea, 

— 

106 

4- 

354 

12.4 

103.6 

11.2 

4* 

4- 

4* 

finally respiration stopped. 

13 

0 


26 

3.5 

106.0 


0 

0 

0 



49 






+ 

0 

0 



72 


166 

8.5 

104.6 


4- ! 

0 

0 



1 13 






+ 

4- 

4* 


— 

152 

+ 

346 

17.1 

66.4 


4- 

4- 

4- 

Gradual decline to death. 


nuria, and in those with anuria receiving pota 
• le ra nge of terminal potassium conce 
ion is the same in the three groups. In Figu 
* C nSe * n nonprotein nitrogen is plotted agair 
nCre f se * n serum potassium. There is no di 
dope T etu f en results with nephrectomiz 
ureter C ^ r ^ es ^ and dl0se with dogs in whi 
animal Were h S a ted (open squares). Howev( 
jected added potassium had been i 

Mood nn° 1 ClrClCS and sc l uares ) had a low 
ua ^jected P an tem T n i r °? en at death than did 1 

ser um nnf * ma S ec iuivalent increases 

P ° taSS1Um - This fact, taken in conjur 


tion with the demonstration in Figure 5 that ani- 
mals in both series died with the same concentra- 
tion of potassium, indicates that death is corre- 
lated with a certain degree of elevation of serum 
potassium rather than with a certain increase in 
the blood nonprotein nitrogen. This conclusion is 
further borne out in Figure 7, in which the times 
of survival of the animals in the various groups 
are plotted. There is no difference in the duration 
of life of nephrectomized animals and those with 
ligated ureters. There is, however, a striking de- 
crease in the survival time of those receiving 
tassium. This might have been predicted fr 
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TABLE II 


Ncphredomized dogs, no K injected 


Num- 

ber 

Time 

Death 

Blood 

NPN 

Serum 

Electrocardiographic findings 


K 

Cl 

Ca 

T wave 
changes 

P waves 
disap- 
pear 

QRS 

widen- 

ing 

Remarks 




mgm, per 

mM. 

mM. 

mgm. per 








100 cc. 

per liter 

per liter 

100 cc. 





N 1 

0 


39 

5.6 

107.0 


0 

0 

0 



65 


192 

8.9 

98.4 







72 






+ 

0 

0 



147 






+ 

+ 

0 



148 






+ 

+ 

+ 

Sudden groan, followed by 


152 

+ 

411 

15.3 



+ 

+ 

+ 

death. 

N 2 

0 


27 

5.4 

104.6 


0 

0 

0 



65 


176 

8.5 

88.2 







72 


1 




+ 

0 

0 



97 






+ 

+ 

0 



117 






+ 

+ 

+ 



125 

+ 

394 

18.0 

1 


+ 

+ 

+ 

Sudden death. 

N 3 

0 


50 

4.8 

107.8 


0 

0 

0 



65 


211 

9.6 

90.8 



1 


i 


72 





i 

+ 

0 

1 i 

0 



95 






+ 

+ 

0 



100 






+ 

+ 

+ 

Sudden death, preceded by 


116 

+ 

378 

16.0 



+ 

+ 

+ 

dyspnea. 

N4 

0 


47 

4.3 

101.4 


0 

0 

0 



48 



6.8 

85.6 

9.4 

+ 

0 

0 



72 


292 

11.8 

69.8 


+ 

+ 

+ 



76 

+ 

363 

12.3 

74.4 

9.7 

+ 

+ 

+ 

Sudden death. 

N 6 

0 


44 

4.8 

98.2 


0 

0 

0 

Gradual cessation of respira- 


48 






+ 

0 

0 

tion and heart. ^ (Coarse 


72 


211 

8.3 

88.4 

11.9 

+ 

0 

0 

ventricular fibrillation.) 


104 






+ 

+ 

0 



125 






+ 

+ 

+ 



126 

+ 

322 

13.4 

94.4 

9.5 

+ 

+ 

+ 

_ 


the demonstration (Figure 5) that both groups 
have the same concentration of potassium at death. 

(B) Experiments with anuria due to the injection 
of mercuric chloride 

Eleven experiments in which mercuric chloride 
solution was injected are summarized in Table IV. 
Blood nonprotein nitrogen and serum potassium 
rose regularly and progressively, just as they did 
in the animals with surgically induced anuria. As 
in the other types of anuria, changes in the T wave 
of the type ascribed to potassium appeared early 
and regularly in these animals with the anuria of 
mercury poisoning. However, the group with 
mercury poisoning differs fundamentally from the 
nephrectomized group and from the group with 
ligated ureters in at least three respects: ( 1 ) In 
three of the five instances in which terminal serum 
potassium concentrations were determined, a con- 


centration less than 10 mM. per liter was found. 
This is less than the minimal lethal concentration 
in normal animals. Of the five in which it was 
not determined, four died within twenty-four to 
thirty-six hours after the establishment of anuria. 
These four therefore probably had serum potas- 
sium concentrations well below 10 mM. per Mer, 
if the same rate of increase of potassium concen- 
tration be assumed in these as in the other expen- 
ments. Thus, only two, or possibly three, out of 
eleven dogs could have had terminal concentra- 
tions of potassium compatible with death due to 
potassium poisoning. (2) P waves were retained 
in all but two experiments. In experiment Hg 8 
P waves were retained and the QRS complex was 
not widened even at the very end. Electrocardio- 
grams from one of the two exceptional instances 
(Hg 9) in which P waves did disappear arc pre- 
sented in Figure 8. (2) The survival time vas 



EXPERIMENTAL ANURIA 


613 


on the average much shorter than in clogs rendered 
amine by surgical means (Figure 7). This is 


(C) Clinical observations 
The results of chemical and electrocardiographic 


true in spite of a considerable variation in the time studies in five patients with advanced chronic 
of survival, due in part to the different doses of pyelonephritis and glomerulonephritis are sum- 
mcrcurv used in different experiments. marked in Table V. In all instances the serum 








;; 




i; 


Fig. 2. Nephrectomized Dog. No KC1 Injected 

(A) Control, Lead II. 

(C) ^n« 1 ° UrS a ^ ter ne P^ rec tomv. P waves still present T waves inverted. 

(D') ^ waves present, S-T segment depressed, T waves diphasic. 

’ h (F) 120 to 124 hours. P waves have disappeared, S-T segment depressed. QRS high 
p- 0t norma ^ width. Animal walking about 

liter ° UrS * ^ omi) ^ ete disorganization of QRS complexes. Serum potassium 15.3 mM. P er 
(H) 1 minute later. Death. 
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Fig. 3. Ureters Tied. No KC1 Injected 


(A) Control, Lead II. 

(B) 48 hours after operation. T waves slightly diphasic. 

(C) 72 hours. P waves present. S-T depression. Serum potassium 9.7 mM. per liter. 

(D) , (E), (F) Series taken at intervals during 12 hours preceding death. Loss of P waves, 

widening of QRS complex, further T wave changes. ^ , 

(G), (H) Terminal records, showing complete absence of P, and extreme intraventricular oc 

Serum potassium 14.5 mM. per liter. 
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tabu: hi 

Ureters tied or nephrectomized, KCI injected intravenously immediately following ligation 





I 

i 


Serum 

Electrocardiographic findings 



Time 
after 
licat inn 

i 

Amount of 

U injected 
i«otonic 

i 






; 


Num- 

ber 

Death j 

i 

Hloo<l 

NI-N 

j 

S 

K ! 

Cl 

i 

T wave 
chanpcs ] 

i 

P wave? i 
disap- j 
pear | 

QRS 

widen- 

ing 

Remarks 


hours 

re. ter kilo ! 


Ter 

100 cc. 

m.V. 
f er tiler 

TT.U. 

? er liter 


! 



14 

0 

22.7 


27 

4.8 

107.2 

0 

0 

0 

Died very suddenly having 


IS 




9.8 

106.4 

X 

4* 

o 

been walking about appa- 


24 

1 





X 1 

x 

o 

rentlv normally 20 minutes 


30 j 

i 

-r 

111 1 

11.3 

108.0 




before death. 

15 

0 ! 

Ie>* than j 










j 

22.7* ! 


32 

5.1 

104.4 

0 

0 

0 



21 1 




6.8 

106.4 

+ ! 

0 

0 

Sudden death preceded bv 


40 ! 

1 






4* 

0 

dyspnea. 


j 






x 


4- 



55 ! 

1 

! 

X 

• 

177 

13.3 

88.8 

+ 

-f 

4- 


17 

o i 

20.0 1 


29 

4.1 

103.2 

0 

0 

0 

Sudden death following 10 


IS 




8.7 

102.4 

x 

0 

0 

minutes of dyspnea. 


29 






x 

4- 

0 



49 






x 

x 

4- 



54 


X 

223 

13.0 


~r 

4“ 

4” 


20' 

0 

20.0 


29 

5.4 

108.0 

0 

0 

0 



18 




8.8 

101.6 

4- 

0 

0 



29 







-f- 

0 

Sudden death. 


40 






x 

x 

1 



42 

i 

j + 

187 

12.9 

101.6 

X 

X 

4- 


~x7~ 

0 

15.0 


31* 

5.0 


0 

0 
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Fig. 4. Ureters Tied, ICC1 Injected Intraperitoneally Immediately Following Ligation 

(A) Control, Lead II. .... 

(B) 21 hours after ligation. Little change. P waves present. Serum potassium 6.8 mM. per 


lllCi. c pr> 

(C), (D), (E) 21 to 38 hours. Progressive diminution and widening of P waves. Some fk 
block. T waves become progressively higher. 

(F) 40 hours. P wave has disappeared. 

(G) 44 hours. Progressive increase in height of T; P remains absent. QRS complex intact. 

(H) 55 hours. Beginning QRS widening. Death occurred 2 hours later. Serum potassium 13.J 

mM. per liter. 
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Serum Potassium at Death 


Fig. 5. Concentration of Potassium at Death 
Each square represents one experiment. There is evi- 
^tly no difference between the concentration in the 
<muric experiments and in the controls. There is also no 
1 Ierenc ^ between the concentrations in the atuiric experi- 
ments vrith potassium administration and those without 
Potassium injection. 


potassium concentration was but little elevated, al- 
°ugh the blood nonprotein nitrogen was ex- 
emel) high. The electrocardiograms showed no 
atiges characteristic of potassium poisoning. 

ele i 1S tUie ^ S ^ te tke ^ act ^ iat severa ^ °f the 
ctrocardiograms were taken just before death. 

lastr° t i CSC * S skown * n figure 9, in which the 
tion SL! W p C taken ten minutes before restra- 
int^ Th * Waves an d QRS complexes are 
c erilm , ^ associated potassium concentration in 

Um was mM. per liter. 




of anSc animT larly accumulates in the 
animals even when food is withhe 


no potassium salts are injected. Since its rise 
roughly parallels that of the blood nonprotein ni- 
trogen (Figure 6), it is reasonable to assume that 
it results from (lie same cause, i.c., from the break- 
down of body cells. 3 Such an explanation, of 
course, implies inability on the part of the body to 
excrete the potassium by any channel other than 
the kidney or to store any considerable amount. 
The variable rate of increase of the serum potas- 
sium, together with the fact that it may occasion- 
ally even drop for a time (Table I, experiment 3), 
indicates that the tissues may have some ability to 
store potassium. The generally progressive char- 
acter of the increase, however, indicates that this 
capacity is strictly limited. 

Winkler and Smith (33) observed that potas- 
sium injected into normal dogs distributes itself 
through a volume considerably larger than that of 
the extracellular fluid. Potassium was therefore 
under these circumstances able to enter cells and 
at least temporarily to he stored there. The pres- 
ent experiments with injections of potassium into 
anuric dogs indicate a similar large apparent vol- 
ume of distribution. In Table VI apparent vol- 
umes of distribution of added potassium are calcu- 
lated for all the experiments in which potassium 
was injected. (It is assumed that, after a period 
of twelve hours, absorption from the peritoneum 
is complete, yet potassium release from tissue 
breakdown is negligible.) Since the extracellular 
fluid corresponds only to about 25 per cent of the 
body weight, considerable potassium must have 
entered cells in these experiments. Especially 
striking are experiments N 9, N 10, and Nil, in 
all of which only a small fraction of the injected 
potassium could be accounted for in the extra- 
cellular fluid the next morning. In spite of this 
demonstrated capacity of potassium to leave the 
extracellular fluid to enter cells, the concentration 
in serum gradually rose in subsequent days until 
death ensued. Storage of potassium under these 
circumstances is therefore definitely limited m 

2 The ratio of the increase in serum concentration of 
nonprotein nitrogen to that of potassium in these experi- 
ments is about one gram per liter of the former for every 
2 or 3 mM. per liter of the latter. Assuming their vol- 
umes of distribution to be similar, these concentrations 
are proportional to total amounts. The ratio ^ is con- 
sistent with the hypothesis that all the increase in potas- 
sium and nitrogen is derived from tissue breakdown. 
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mgm. per IOO cc. blood 

Increase in Non-protein-nitrogen 


Fig. 6. Increase in Blood Nonprotein Nitrogen (A NPN) and Simultaneous 
Increase in Serum Potassium (A K) 

All blood samples in which these two determinations were carried out are included. 
The association is evident, but the points scatter rather widely. 



Survival Time of Dogs 

Fig. 7. Survival Time of the Animals in Different 
Groups of Experiments 

Each circle represents one experiment. The time is es- 
timated from the onset of anuria. The animals receiving 
potassium evidently die much sooner on the average than 
those receiving none. There is a wide dispersion of the 
experiments with mercury poisoning, but many of the ani- 
mals died in a shorter period than did any of those with 
simple surgical anuria. 


amount. No clue is available from these expeii 
ments concerning the form in which the potassium 
is stored in cells, nor is it clear whether it enters 
all cells or only certain specialized ones. 

The survival of animals with surgically inducec 
anuria until potassium attains a level in serum su . 
ficient to produce death is only presumptive evi 
dence that potassium is the effective lethal agent. 
More conclusive is the fact that serial electiocai 
diograms invariably demonstrate a sequence iden 
tical with that produced by experimental potas 
sium poisoning. That the electrocardiographic se 

quence in anuria is truly due to potassium is con 
firmed in a negative way by the studies of human 
subjects with uremia, in which the seium potas 
sium was not elevated in spite of the high concen 
tration of nonprotein nitrogen and of other pioc 
ucts in the blood. In such patients no electro 
cardiographic changes of the sort obseived m ex 
perimental anuria could be found. It ^ as o:) 
served in the animals that the terminal carciac 
slowing and arrest occurred quite sudden}, a 
though blood pressure and cardiac output 1 
presumably been well maintained. This mo. 
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Fig. 8. Mercury Poisoning 

(A) Control, Lead II. 

(B) 30 hours after injection of mercury. T wave diphasic. 

(C) 92 hours. P waves have disappeared, drop in S-T segment. 

(D) 102 hours, P waves return temporarily. 

(E) , (F), (G) 116 hours. Animal dyspneic. P waves have again disappeared, T waves very 
large, QRS complexes widening and disorganizing. 

(H) A few minutes later, at moment of cessation of respiration. Serum potassium 13.2 mM. 
per liter. 
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TABLE V 


Summary of clinical observations 


Number 

Diacnn-b 

1 

| Date 

Potn'dum Blood 

of serum NPN 

Remarks 

i 

S0S3S* I 

Chronic pyelo- 
| nephritis 

1 m\t. per liter , m%m. per cent 

Spelcmlicr 12, 1940 j 6.9 , 208 

[ i 

Died 10 minutes later. 

A 340S ! 

1 

i 

i 

Chronic pyclo- 1 

nephritis 

i 

August 27, 1940 
morning 
! evening 

i 

6.7 256 

6.5 225 

Anuric for preceding 2 or 3 days. 
Died 2 hours after second blood 
sample. 

B 1929 

Chronic glomeru- 
lonephritis 

April 18, 1940 1 

July 13, 1940 i 

5.0 122 

5.8 253 

Died 12 hours later. 

A 90560 

Chronic glomeru- 
lonephritis 

t August 28, 1940 > 3.8 . 190 

i 1 

Convulsions at this time. Died 
14 days later. 

B 5156 ! 

! 

Chronic glomeru- 
lonephritis 

September 29, 1940 5.4 * 118 

Still living. 


* See Figure 9 for electrocardiograms in this case. 



Fig. 9. Electrocardiograms from a Young Patient With Long-standing Chronic 
Pyelonephritis, Just Before Death 

Numbers refer to the respective leads. (A) 24 hours before death; (B) 10 minutes before 
death. The serum potassium was 6.9 mM. per liter and the blood NPX 208 mgm. per cent just 
before death. Note that in (B) the P waves are still present and the T waves show no character- 
istic changes. 
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TABLE VI 

Apparent volumes of distribution 


Experiment 

Increase in 
potassium 
concentration 

(A) 

Amount of 
potassium 
injected 

m 

Apparent volume 
of distribution 
of potassium 

(B) 

X 100 

(A) 


mM. per liter 

mM. per liter 

per cent of 


serum water* 

body weight 

body weight^ 

U 14 

5.4 

3.50 

65 

U 17 

5.0 

3.08 

62 

U 20 

3.7 

3.08 

83 

N 7 

2.6 

2.31 

89 

N 8 

4.5 

2.31 

51 

N 9 

1.0± 

2.31 

very large 

N 10 

0.2 

2.31 

very large 

N 11 

1.3 

2.31 

178 


* Assuming serum water =93 per cent of serum, 
t Assuming 1 liter = 1 kilo. 


death is entirely consistent with that clue to po- 
tassium poisoning (2). The alternative possi- 
bility is that some other substance retained in the 
body to the same extent as potassium might be the 
true cause of death, the rise in potassium with its 
correlated electrocardiographic changes being a 
non-essential accompaniment. This seems, how- 
ever, adequately ruled out by the experiments in 
which added potassium was introduced into the 
system after anuria was established. Death oc- 
curred in the same way with the same electro- 
cardiographic sequence and at the same range of 
concentration of potassium as in the control series, 
but at a much earlier time and with distinctly less 
elevation of blood nonprotein nitrogen. Other 
workers (34, 35) have reported that diets high in 
potassium decrease the survival time of anuric 
rats. Were death really dependent on the accu- 
mulation of some toxic substance other than po- 
tassium, the time of death would not be accelerated 
in this way and the terminal concentration of po- 
tassium would be expected to be higher than 
usual. 

Altogether, the evidence seems conclusive that 
death in surgical anuria is caused by cardiac poi- 
soning due to the accumulation of excessive potas- 
sium in the body fluids. The difficulty of gener- 
alizing concerning other forms of anuria is evi- 
dent from the experiments with mercury poison- 
ing. Here anuria occurred and potassium of se- 
rum rose, as in the other experiments. However, 
before the potassium reached levels sufficient to 


cause death and before electrocardiograms showed 
more than the earlier signs of potassium effect, 
the animals usually died. The cause of death is 
uncertain, but it clearly was not potassium poison- 
ing. It may he conjectured that if the animals 
with mercury poisoning had lived as long as did 
the dogs rendered anuric by surgical means, they 
too might have died of potassium poisoning. This 
may have been the case in the two instances in 
which P waves disappeared and the terminal 
serum potassium concentration was greater than 
10 mM. per liter. Since most of them did not live 
so long, potassium poisoning in mercurial anuria 
must be considered as a limiting cause of death, 
which is ordinarily not operative, as some other 
factor is usually responsible for death before suf- 
ficient potassium has accumulated. 

The clinical studies demonstrate clearly that po- 
tassium poisoning is not the usual cause of death 
in terminal nephritis, since neither elevation of 
concentration of potassium nor cardiac damage 
detectable by the electrocardiogram was sufficient 
to cause death. This is undoubtedly correlated 
with the fact that even in very advanced nephritis 
anuria does not usually occur until a few hours or 
at most a day or so before death. In anothei 
study of patients with nephritis Winkler, Hoff and 
Smith (3) found that amounts of potassium suf- 
ficient to keep the serum concentration nearly noi- 
mal were excreted even when clearances weie 
much depressed. In other words, so long as the 
nephritic subject excretes any urine at all lie elimi- 
nates appreciable amounts of potassium, so that 
the accumulations observed in experimental anuria 
are not apt to occur. The possibility may be con 
sidered that potassium may be the cause of death 
in those occasional nephritic patients with per- 
sistent extreme oliguria or anuria, but such cases 
have not been encountered in the course of the 
present study. 1 The high concentrations of po- 
tassium in serum occasionally reported in nephritis 
probably originate from extreme oliguria and some 
of the recorded values are certainly high enough 
to be in themselves dangerous to the heart (23)- 

4 Dr. Daniel Darrow has observed one child with acute 
glomerulonephritis and extreme oliguria for several tiny- 
His serum potassium shortly before death was )■ 
per liter. No electrocardiograms were obtained. 
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CONCLUSIONS 

1. The concentration of potassium in the blood 
serum increased regularly and progressively in 
animals rendered completely anuric. This in- 
crease results from the breakdown of the animal's 
own tissues, together with the restricted ability of 
the organism to store potassium. 

2. Serum potassium continues to increase in 
dogs rendered anuric by ureteral ligation or ne- 
phrectomy until cardiac arrest due to potassium 
poisoning occurs. Thus potassium poisoning is 
the usual effective cause of death in animals so 
treated. 

3. Dogs rendered anuric by mercuric chloride 
injections usually die of some unknown cause be- 
fore the concentration of potassium rises suf- 
ficiently to cause cardiac arrest. 

4. Elevation of serum potassium with conse- 
quent cardiac arrest is not the usual cause of death 
in patients with chronic nephritis and terminal 
uremia. 
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THE THrAMIN CONTENT OF HUMAN BLOOD AND URINE AS 
DETERMINED BY THE FERMENTATION METHOD 1 
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In 1937, Schultz, Atkin and Frey (1) published 
the first of a scries of articles on the stimulating 
effect of thiamin upon the rate of alcoholic fer- 
mentation by yeast. Subsequently they described 
the experimental conditions under which this ac- 
tivity could be taken advantage of to measure the 
thiamin content of biological materials. The 
stimulating effect of thiamin was found to be 
complicated by an additional stimulation of the 
pyrimidine half of the molecule (2-mcthyl-5- 
hydro\7meth}d-6-aminopyrimidine) . They stated 
that similar or related compounds were inactive, 
although they did not mention the substances 
tested (2). 

As 2-methyl-5-hydroxyniethyl-6-aminopyrirni- 
dine has not been shown to occur in nature, except 
as a component of, or a degradation product of, 
thiamin, its presence probably does not seriously 
invalidate the method as a means for estimating 
Wood and urine thiamin values in the human 
subject. 

Schultz, Atkin and Frey (3, 4) recently de- 
scribed a method for the determination of what 
e J termed the “ true ” thiamin content of urine, 
n this method thty took advantage of the fact 
t at the oxidation of thiamin to thiochrome ren- 
ers biologically inactive. They measured the 
°tal fermentative power of a sample of urine and 
su tracted from this the fermentative power of an 
0X3dlzed alic iuot portion. The resulting value rep- 
eated free pyrimidine in the urine. We st- 
ated this procedure but have discarded it be- 
cause o! inaccuracies resulting largely from incom- 
plete oxidation. 

also tested the effect of added 
1C system and found it to be 

^ ^ Ricotinic acid was found to have 
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a stimulating effect in the presence of thiamin (5). 1 
This effect was of a very small order and was 
maximum with a concentration of 1 mgm. per cent 
of the acid. Nicotinamide was found to have an 
activity of the same order as nicotinic acid* 
Schultz, Atkin and Frey therefore modified their 
technique to include this concentration of nicotinic 
acid in their stock solution (5). However, as the 
concentration of nicotinic acid in blood is only 
about 0.36 mgm. per cent, and as the fermentation 
method, when applied to the estimation of thiamin 
in blood, requires the use of only 0.1 cc. of this 
substance, the amount of nicotinic acid in the blood 
could not be an important source of error. As the 
concentration of nicotinic acid in urine is of the 
same order, the above statement also holds true 
for urine. 

We have used the fermentation method for the 
study of the blood and urine concentrations of 
thiamin in normal human subjects and in subjects 
suffering from a variety of diseases, 

EXPERIMENTAL 

The method used for the determination of thiamin in 
both blood and urine was that described by Atkin, Schultz 
and Frey as the 11 UJtramicrodetermination ” method (6). 
We made only two modifications: The first was in the 
preparation of the thiamin stock solution, which was made 
up so that 1 cc. contained 2.5 mgm. of thiamin in 30 per 
cent acid alcohol. The stock solution was stored in the 
ice box. The amount required for each experiment was 
obtained by evaporating a sufficient quantity of the stock 
solution to dryness, and then on the day of the experiment, 
making up to the correct dilution with distilled water. 
Second, the yeast suspension was freshly prepared for 
each experiment. 

The bloods used for the estimation of their thiamin 
content were obtained from fasting subjects. Two mgm. 
of potassium oxalate per cc. of blood were used to pre- 
vent clotting. We have not been able to demonstrate any 
inhibitory or adjuvant effect of this concentration of po- 
tassium oxalate upon the fermentation of glucose by 
bakers’ yeast, either in the presence or the absence of 
crystalline thiamin. 

Urinary estimations were done on 24-hour urine sam- 
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pies, collected in bottles containing 10 cc. of 5N. Hydro- 
chloric acid. Urine collected this way was found to re- 
main stable for several days, if stored in the ice box. 
When simultaneous blood and urine estimations were per- 
formed, the blood was drawn at the end of the 24-hour 
urine collection period. For the estimation of normal 
blood and urine values, samples were obtained from in- 
terns, research workers, and patients on the wards of the 
Psychiatric Division of Bellevue Hospital who presented 
no clinical manifestations of somatic or mental disease 
other than psychoneurosis. 

Each experimental run included, in addition to the un- 
knowns and the yeast blanks, a determination of the fer- 
mentative effect of at least one known amount of thiamin. 
All determinations were made in duplicate. 

As the sensitivity of the method permitted the use of 
only very small amounts of blood and urine, greater accu- 
racy was obtained by diluting fairly large quantities of 
the unknown to an extent that allowed the pipetting of 1 
cc. of the final dilution directly into the fermentation 
vessel. For example, when 0.1 cc. of blood was to be 
used, 5 cc. of blood were diluted with 0.5 cc. of the gelatin 
solution and distilled water sufficient to bring the total 
volume up to 50 cc. One cc. of this solution was then 
pipetted into the fermentation vessel. 

When tests for the recovery of thiamin were run, the 
thiamin was added to the blood or urine before the dilu- 
tions were made. 

In Figure 1 are charted typical curves of re- 
sponse of 5 mgm. of yeast 2 to thiamin. The re- 
sponse of yeast to. thiamin varies not only with 
each lot of yeast, but also with each suspension 
made. Because of this, it is necessary to run at 
least one point on the curve with each experiment. 
All the curves fall off with increasing rapidity as 
the amounts of thiamin increase. It is necessary, 
therefore, to use amounts of the unknown which 
contain no more thiamin than the amount used 
for the portion of the curve determined with that 
particular experimental run. As the curve is 
steepest with amounts of thiamin below 0.01 mi- 
crogram, greater sensitivity and accuracy are ob- 
tained when amounts of the unknown giving val- 
ues less than this are used. We have found that, 
with normal and deficient bloods, 0.1 cc. is the op- 
timum amount. The corresponding amount for 
urines was found to be 0.01 cc. When unusually 
large amounts of thiamin have been administered 
to the subject before the collection of the blood 
and urine, smaller amounts of these materials 
should be used for the determinations. 

s Supplied by Dr. Charles N. Frey, Fleischmann Labo- 
ratories, New York. 



Fig. 1. The Adjuvant Effect of Thiamin upon 
Carbon Dioxide Produced by Glucose Fermentation 
with 5 mgm. Portions of Bakers’ Yeast 


Atkin, Schultz and Frey prepared their protein 
samples for analysis by heating them at 100° C. 
for 30 minutes, after they had been made acid to 
congo red (6). We tried the effect upon the gas 
production of heating the bloods, without acidifica- 
tion, in a boiling water bath for varying time inter- 
vals (Table I). Increasing the time of heating 
proved to decrease the amount of gas evolved with 


TABLE i 

Effect of duration of heating upon apparent thiamin content of 
01 cc. of blood 


Exper- 

iment 

Num- 

ber 

Min- 

utes 

heated 

Micro- 

liters 

CO 2 

pro- 

duced* 

Micro- 

grams 

of 

thiamin 

Exper- 

iment 

Num- 

ber 

Min- 

utes 

heated 

Micro- 

liters 

CO 2 

pro- 

duced* 

Micro- 

grams 

of 

thiamin 

1 

3 

166±2 

0.0113 

4 

3 

80±2 

0.0067 


15 

93=1=1 

0.0063 


6 

9 

70 ±4 
70±0 

0.0058 

0.0058 

2 

3 

124:4=2 

0.0074 




0.0052 


9 

115=1=3 

0.0069 

5 

3 

93 ±4 


12 

119=1=2 

0.0071 


15 

8 8±3 

, 0.0049 

1 


15 

103=1=2 

0.0061 

6 

3 

80±1 

0.0065 

3 

3 

159=1=4 

0.0072 


12 

66±2 

0.0053 


6 

142=1=3 

0.0064 


15 

67±3 

0.0054 


* Average of duplicate determinations ± deviations 
from average. 
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TAI1LE II 

Relation of duration of healing to recovery of thiamin from 
0.1 cc. of blood and O.Ol cc. of urine 


Minutes 

heated 

Sample 

Micro- 

Krnms 

In sample 

Micro- 

Rrnm? 

added 

Mlcro- 
Kmms j 
recovered 

i 

Per cent 
of 

added 

thiamin 

recovered 

3 

Blood 

0.00367 

0.01 

0.01567 , 

120 

3 

Blood 

0.00367 

0.02 

0.02907 

127 

4.5 

Blood 

0.0067 

0.01 

0.0169 

102 

4.5 

Blood 

0.0067 

0.02 

0.0257 

95 

6 

Blood 

0.00S65 

0.01 

0.01735 

87 

6 

Blood 

0.00865 

0.02 

0.02585 

86 

3 

Urine 

0.00855 

0.01 

0.01925 

107 

3 

Urine 

0.00855 

0.02 

0.03235 

119 

4.5 

Urine 

0.0033 

0.01 

0.0144 

102 

4.5 

Urine 

0.0033 

0.02 

0.0253 

105 


1 cc. of blood. Studies on the recovery of thi- 
amin, added to bloods and urines, were therefore 
performed after heating the samples for different 
time intervals (Table II). It was found that the 
best recoveries were obtained in the case of both 
blood and urine when 4.5 minutes was allowed for 
the period of heating. 

It would seem from these experiments that 
there exists in blood a heat labile factor which 
stimulates the fermentative action of thiamin. 
Prolonged heating of non-acidified blood tends to 
destroy the biological activity of thiamin, or at 
least in some way to remove it from the reaction. 

As a result of these experiments, we adopted 
the procedure of heating the bloods and urines, 
after diluting and pipetting into the fermentation 
vessels, for 4.5 minutes in a boiling water bath. 

RESULTS 

Eighty-six determinations of the thiamin con- 
tent were made on bloods drawn from 45 pre- 
sumably normal subjects. The average value 
ound for these bloods was 5.39 micrograms per 
J* n t, with a range from 3.1 to 9.2 micrograms. 

e distribution of these values is shown in Fig- 
ure 2. 

In 1939, Goodhart and Sinclair published values 
or the cocarboxylase content of normal human 
oods (7). They found a range from 4.5 to 12.0 
nncrograms per cent with a mean of 7.0. These 
” wer e essentially confirmed by Goodhart 
' ln a Inter work with the same method. Ex- 



micrograms THIAMIN PER 100 CL BU000- 

Fig. 2. Distribution of Normal Blood Thiamin 
Levels — 86 Determinations on 45 Subjects 


pressed as thiamin, this would be equivalent to a 
mean blood content of 4.76 with a range from 3.06 
to 8.16 micrograms per cent. As the free thiamin 
content of human bloods is quite small, these fig- 
ures agree reasonably well with those given above 
for the total thiamin content of normal human 
bloods. 

The 24-hour urinary excretion of thiamin was 
also determined in 11 normal subjects (42 deter- 
minations). The range was found to be from 240 
to 1327 micrograms, with an average of 596 micro- 
grams for the 24-hour urinary excretion. The 
distribution of these values is shown in Figure 3. 

Considerably higher values are obtained for the 
apparent thiamin content of urine when the fer- 
mentation method is used than is found by most 
other procedures. This is due to the large urinary 
content of 2-methyl-5-hydroxy-methyl-6-aminopy- 
rimidine, a substance which also stimulates the 
fermentation of glucose by yeast. From the work 
of Schultz, Atkin and Frey (4), it would appear 



Fig. 3. Distribution of 24-Hour Urinary Excretion 
Values of 11 Normal Subjects — 42 Determinations 



628 


ROBERT GOODHART 


TABLE III 

Relation of 24-hour urinary excretion of thiamin to fasting 
blood level and to dietary intake in normal subjects 


Subject 

Dietary 

Vitamin 

Blood 

Urinary 

Intake 

intake 

ratio 

thiamin 

excretion 

excreted 


micro- 

grams 


micro- 
grams 
per cent 

micro- 

grams 

per cent 

L 

1211 

2.35 

6.2 

506 

41.8 


1455 

2.47 

4.1 

606 

41.6 


1045 

2.03 

7.2 

820 

78.4 


1073 

2.04 

5.0 

682 

63.6 

S 

898 

2.28 


250 

27.8 


1328 

2.51 

6.8 

384 

28.9 


1283 

2.56 

4.3 

362 

28.3 


1222 

2.06 

4.3 

795 

65.9 


1397 

2.83 

5.4 

539 

38.6 


1409 

2.44 

5.0 

502 

35.6 

i 

1493 

2.79 

4.9 

798 

53.4 

B 

1063 

2.21 

6.2 

929 

86.8 


1045 

2.01 

5.7 

721 

69.0 


1455 

2.47 

5.9 

1016 

69.8 


that this pyrimidine may account for anywhere 
from 23 to 75 per cent of the “ total thiamin ” con- 
tent of normal human urines, as estimated by the 
fermentation method. This means that the abso- 
lute figures obtained for urinary thiamin by the 
fermentation method, as used in our work, are not 
analagous to those obtained by other methods. 

Schultz, et al. found the average daily urinary 
output of 5 normal adults, 32 determinations, to be 
497.7 ± 47 micrograms (9). We found a much 
greater variation in the urinary excretion of thi- 
amin, not only in different subjects but in the same 
individual from day to day. The explanation for 
this may rest, in part, in the fact that our subjects 
were mostly hospital patients, representing the 
lowest income group of the community. Their 
previous levels of tissue saturation with the vita- 
min may therefore have been both low and vari- 
able. However, the range of values found in 19 
determinations on 4 interns was identical with that 
of the whole group. The individual interns 
showed differences between their highest and low- 
est daily urinary excretions of 410, 65, 113 and 
337 micrograms, respectively. As our subjects 
were maintained with unrestricted diets and un- 
restricted activity, the finding of large variations 
in the urinary excretion of thiamin was not un- 
expected. 

The diets of 3 of our subjects were carefully 
noted during the periods of urine collection and 


the vitamin intake was computed. On reference 
to Table III it will be seen that, in spite of their 
very moderate intake of thiamin, they excreted a 
relatively large percentage in the urine, none ex- 
creting less than 27.8 per cent. In these subjects, 
whose dietary intake ranged from 898 to 1493 
micrograms of thiamin daily, no correlation could 
be found between the urinary excretion, the intake, 
the vitamin/calorie ratio of the diet, or the fasting 
blood level of thiamin. It would appear that 
marked variations in the daily urinary excretion 
of thiamin may occur in normal subjects main- 
tained with fairly constant daily intakes. This 
must be considered when attempting to evaluate 
the significance of 24-hour urinary excretions. 

In Figure 4 are tabulated the results of the 
blood thiamin determinations on 106 patients from 
the wards of the Psychiatric Division of Bellevue 
Hospital. A solid line is drawn across the graph 



Fig. 4. Blood Thiamin Values of 106 Subjects 
from the Wards of the Psychiatric Division of 
Bellevue Hospital 

• represents results on subjects without polyneuropathy. 
O represents results on subjects with polyneuropathy. 
The column numbers (figures on horizontal scale) de 
note the following conditions : 

(1) “Uncomplicated alcoholics.” 

(2) Acute “ alcoholic ” polyneuropathy. 

(3) Chronic “alcoholic” polyneuropathy.. 

(4) The fatty and cirrhotic livers of the inebriate. 

(5) “Alcoholic” pellagra. 

(6) “ Alcoholic ” encephalopathies. 

(7) Korsakoff psychosis. , 

(8) Non-alcoholic patients with a variety of medical an 
psychiatric disorders. 
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at the lowest observed normal value. A broken 
line is drawn at the level of the average value 
found for our group of " normal ” subjects. 

The 27 " uncomplicated alcoholics ” plotted in 
column 1 were admitted to the hospital with diag- 
noses as diverse as lobar pneumonia and acute 
alcoholism. All were alike in showing no clinical 
evidences of any vitamin deficiency. All but one 
had blood thiamin levels within normal limits, al- 
beit the average of their values was considerably 
below that of the normal group. The one sub- 
ject who had a definitely subnormal blood thiamin 
content was admitted to the hospital suffering from 
acute alcoholic intoxication and hypoglycemic 
shock. He was treated with glucose infusions and 
the blood thiamin determination was made on the 
following day, at which time he was asympto- 
matic. The possible relationship of this succes- 
sion of events to his low blood thiamin content is 
obvious. 

The results on subjects with acute “ alcoholic ” 
polyneuropathy are listed in column 2 ; those with 
chronic neuropathy, in column 3. Calf muscle 
tenderness and solar dysesthesia were taken as the 
necessary criteria for the diagnosis of an acute 
neuropathy. No attention was paid to the history 
of the duration of the disease as such histories, 
from alcohol addicts, are worthless. Twelve of 
the 17 subjects with acute neuropathy had blood 
thiamin levels definitely below the lowest observed 
normal value. Four of the remaining 5 subjects 
had blood values which were definitely low normal. 
In contradistinction to these results, 10 of the 16 
subjects who presented the signs of chronic neuro- 
pathy alone had blood thiamin values within the 
normal range. As there is no reason to believe 
that these two conditions are not different stages 
of the same disease, it would seem that in the 
second instance we are dealing, in many cases, with 
the residuum of an earlier, acute process which is 
characteristically associated with low blood thi- 
amin values. It is not meant to imply that thi- 
amin deficiency is the only possible etiological 
agent for all the polyneuropathies which may oc- 
cur in the alcohol addict. The evidence presented 
here neither confirms nor denies the validity of this 
supposition. 

Low blood thiamin values were found in sub- 
jects with fatty and cirrhotic livers, " alcoholic " 


encephalopathic states, alcoholic pellagrins, and 
Korsakoff psychosis only when peripheral neuro- 
pathy was also present. This finding correlates 
very well with our clinical impressions acquired 
from therapeutic trials of thiamin hydrochloride in 
these different disease states. We have noted, for 
example, a complete lack of improvement in fatty 
and cirrhotic livers, when treated with large doses 
of thiamin hydrochloride. At the same time, we 
have observed that the peripheral neuropathy, when 
present, improved as rapidly in these subjects, 
when treated with thiamin, as it did in the absence 
of clinical evidence of liver disease. Again, the 
polyneuropathy of the pellagrin has been shown to 
respond to treatment with crystalline thiamin. Of 
3 subjects with Wernicke's encephalopathy, all had 
low blood thiamin values and all had peripheral 
neuropathy. This is in accord with the findings 
of Jolliffe, et aU (10) and we believe constitutes 
confirmatory evidence that this condition is closely 
associated with thiamin deficiency. Bowman, et 
al. (11), were unable to obtain any substantial evi- 
dence, from therapeutic trials with the vitamin, 
that thiamin deficiency played a role in the produc- 
tion of Korsakoff's psychosis. 

The findings on 28 non-alcoholic patients pre- 
senting a variety of medical and psychiatric dis- 
orders are recorded in column 8, Figure 4. This 
group comprised 9 subjects with general and 
cerebral arteriosclerosis, 5 with tuberculosis, 2 with 
hypertensive encephalopathy, 2 diabetics, 1 of 
whom had severe acute and chronic peripheral 
neuropathy, 4 schizophrenics, and 1 case each of 
psychoneurosis, manic-depressive psychosis, per- 
nicious anemia, rheumatic arthritis, benign spinal 
cord tumor and lympho-epithelioma of the naso- 
pharynx. Three definitely low blood values were 
found, one in a subject with general and cerebral 
arteriosclerosis, one in a case of miliary tubercu- 
losis and the third in the subject with lympho- 
epithelioma. The distribution of the blood thi- 
amin values in the remainder of this group was not 
significantly different from that of the normal con- 
trol group. 

The high incidence of peripheral neuritis (18 
out of 22 cases) found among those subjects who 
had blood thiamin values below 3.1 micrograms 
per 100 cc. suggests to us the probability that such 
low blood values may be indicative of the exist- 
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nee of definite thiamin deficiency states in the 
mman subject.' 

SUMMARY 

We elected to use the fermentation method for 
he studies reported in this paper because it ap- 
>eared to us, at the time, that this method offered 
ertain very definite advantages over all other 
vailable methods for the determination of thiamin 
n body fluids. First, the procedure of the fer- 
nentation method is simple and rapid and, al- 
hough the initial cost of equipment is rather large, 
he subsequent expense is minimal. Second, the 
nethod promised to be much more applicable to 
•outine estimations on hospital and clinic patients 
ban cocarboxylase determinations since, in the 
’ormer, live yeast is used, and the enzyme system 
s considerably more stable. Third, the fermenta- 
:ion method is immensely more sensitive than the 
‘ diazo method ” used by Melnick and Field (12). 
Fourth, the thiochrome method in our hands has 
proved rather unsatisfactory, an experience which 
we know to have been shared by many other in- 
vestigators ; witness the large number of modifica- 
:ions of the thiochrome method. As a result of 
Dur work, we have been convinced of the genuine- 
ness of these advantages. 

There exists in blood a heat labile factor which 
stimulates the fermentative action of thiamin. 
Prolonged heating of non-acidified blood at 100° 
C. tends to destroy the biological activity of its 
thiamin. Optimal results are obtained with the 
fermentation method when the blood or urine is 
heated at 100° C. for 4.5 minutes. 

An average value of 5.39 micrograms per 100 
cc., with a range from 3.1 to 9.2, was obtained for 
S6 determinations on bloods drawn from 45 nor- 
mal subjects. 

Forty-two determinations of the 24-hour uri- 
nary excretion of thiamin, on 11 normals, gave an 
average of 596 micrograms, with a range from 240 
to 1327. The urinary excretion of thiamin in nor- 
mal subjects was found to depend upon factors 


other than the total thiamin intake and the vitamin/ 
calorie ratio of the diet. 

A veiy definite association was found to exist 
between the acute peripheral neuropathy of the 
alcohol addict and low blood thiamin values. The 
incidence of peripheral neuropathy among sub- 
jects with low blood values was so high as to make 
it seem likely that further work will prove the 
finding of a blood thiamin value below 3.0 micro- 
grams per cent, by the fermentation method, to be 
definite indication of a thiamin deficiency state. 
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In interpreting the results obtained by clear- 
ance methods in the diseased kidney, the physio- 
logical limitations of these methods must be kept 
clearly in mind. Since there has been no oppor- 
tunity to discuss these limitations generally, it 
has seemed desirable to emphasize certain more 
important points in this note. 

The four methods to be considered here are 
the inulin clearance (Cm), the plasma diodrast 
clearance (Co), the maximal rate of tubular ex- 
cretion of diodrast ( Tvin ) and the maximal rate 
of tubular reabsorption of glucose (Tnic), all 
four methods being based on overall measure- 
ments made on the two kidneys by the collection 
of bladder urine (4, 10, 12). 

DEFINITIONS 

It will aid in the following discussion if certain terms are 
given restricted definitions. 

A normal active nephron designates a patent glomerulus 
with its tubule — both glomerulus and tubule functioning, 
by virtue of an adequate supply of blood delivered at an 
adequate pressure, in the formation of glomerular filtrate 
and in tubular excretion and reabsorption. 

At least by definition, the glomeruli and tubules of 
normal nephrons may become partly or wholly inactive 
due to ischemia without losing their potentiality for imme- 
diate return of function on the restoration of an adequate 
blood supply. 

An aglomerular tubule is one in which excretory function 
and urine formation persist after destruction of the ad- 
joined glomerulus. (There is as yet no functional evidence 
of the existence of aglomerular tubules in the normal or 
diseased human kidney; it remains to be demonstrated 
that the mammalian nephron, which normally reabsorbs 
water, can acquire the capacity to excrete it, and the 
excretion of water must be presupposed if the term 

aglomerular nephron ” is to have functional significance.) 

An impotent nephron is conceived as one in which the 
tubule remains anatomically intact and connected with an 
active glomerulus and a patent collecting duct despite the 
fact that it has lost its excretory activity, as tested by 
diodrast. Such a tubule would act as a more or less 
passive conduit to drain glomerular filtrate into the urine. 
Whether such impotent nephrons simultaneously lose all 
other tubular properties, such as the capacity to reabsorb 
glucose, chloride, water, etc., is not to be answered a priori 


but only by investigation; but since by definition they are 
unable to excrete diodrast they do not contribute to Cd 
or Tmr>. 

All renal parenchyma which normally lacks excretory 
function, or which has lost its excretory function, will be 
designated as inert tissue. This would include capsular 
and connective tissue, impotent nephrons as defined above, 
injured nephrons which permit the back-diffusion of inulin 
and other constituents of the tubular urine, nephrons which- 
are obstructed by casts or disconnected from collecting 
ducts so that urine formation is impossible, and fibrotic 
glomeruli and tubular fragments generally. 

Total renal junction and junction in 
individual nephrons 

Recognizing that there are two million-odd 
nephrons in the two kidneys, it is self-evident 
that no overall method of examination can 
directly reveal what is occurring in individual 
nephrons. The total clearance method cannot 
reveal whether impairment in any of the above 
functions is the result of the partial reduction of 
function in all nephrons or the complete reduc- 
tion of function in a few. Conversely, constancy 
of these functions does not imply constancy in 
all contributing nephrons, since function may be 
increased in some at a time when it is decreased 
in others. 

The above considerations are most obviously 
applicable to Cm and Cd , which in their physio- 
logical nature must be presumed to be highly 
labile in any one nephron. But to a lesser degree 
these considerations also apply to Tnio and Tmo\ 
although these measurements are based on satu- 
ration methods and presumably represent the 
maximal attainable activity in all available neph- 
rons, nevertheless the availability of a particular 
nephron depends, in the case of T?Hd, on perfu- 
sion by blood, and in the case of Tm Ct on 
glomerular filtration; hence alternation of activ- 
ity and partial, as compared with complete, 
cessation of activity in individual nephrons are 
theoretically possible. There is also the possi- 
bility" that the functional contribution of indi- 
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vidual nephrons may be related to “trophic” 
or other influences. For example, White, Hein- 
becker and Rolf (16) have recently shown that 
TniD is decreased in hypophysectomized dogs; 
hypertrophy of the kidneys occurs in animals 
receiving large doses of androgens and estrogens 
(5, 6, 7, 8, 9), and the hypertrophy of the kidney 
induced by a high protein diet is well known. 
While it has not yet been shown that either Tm D 
or TniG is increased in these hypertrophic kid- 
neys, a functional change is to be anticipated. 

Filtration of water and the inulin clearance 

The term “glomerular filtration” may be used 
primarily to designate the passage of water across 
the glomerular membranes. Since a variable 
quantity of water is reabsorbed by the tubule, 
it is impossible, either in a single nephron or in 
the total kidneys, to deduce from the urine flow 
how much water is filtered from the blood. The 
rate of filtration of water can only be deduced 
in either case by means of an appropriate stand- 
ard of reference, namely, a completely filtrable 
solute which is itself neither reabsorbed nor 
excreted by the tubule; and in turn the selection 
of this standard of reference can be made only 
by a comparison of clearances (i.e., rates of ex- 
cretion relative to plasma concentration) of vari- 
ous substances under various physiological con- 
ditions. The use of inulin as the standard of 
reference for the measurement of the rate of 
filtration of plasma water rests upon good experi- 
mental evidence, so far as the normal human 
kidney is concerned (13). 1 . 

In the diseased kidney, however, an increase 
in permeability of the tubule may permit the 
escape of water from the tubular urine without 
permitting the escape of inulin; and, conversely, 
a decrease in permeability of the glomerular 
membranes may retard the filtration of inulin 
without proportionally retarding the filtration of 
water; 2 in either case, the differential movement 

1 C/.v may be calculated as cc. of plasma water instead 
of cc. of plasma, but this is superfluous where other analy- 
ses and calculations refer to cc. of plasma, and where it is 
convenient to speak of volumes of plasma filtered. 

- A reduction in the filtration of water resulting from 
decreased permeability of the glomerular membranes re- 
quires that in the glomerular capillaries equilibrium be- 

tween the hydrostatic pressure and the opposed forces 


of water cannot be detected by changes in Cm, 
although,, if the alternative possibility can be 
ruled out, it may conceivably be deduced by the 
comparison of Cm with the clearance of some 
smaller molecule. 3 

Lastly, it is conceivable that filtration may 
continue in a glomerulus after the attached 
tubule has become separated from its collecting 
duct, or that the tubule may become so per- 
meable that all the constituents in the glomeru- 
lar filtrate, including inulin, escape into the inter- 
stitial fluid rather than the urine. Cm represents 
only such inulin as is passed into the bladder 
and will reveal nothing of these circumstances. 
Whatever significance the complete local reab- 
sorption of glomerular filtrate may have in renal 
pathology, it remains beyond the possibility of 
examination so long as only the total urine is 
available for analysis. 

Renal blood flow and diodrast clearance 

The diodrast clearance may be defined as the 
virtual volume of plasma completely cleared of 
diodrast by the renal parenchyma per unit of 
time. On the assumption that the diodrast is 
completely removed from all plasma presented 
to active excretory tissue, it may be identified as 
the actual plasma flow to this tissue. This iden- 
tification, however, does not include plasma (or 
blood) which perfuses inert tissue, and conse- 
quently Cd bears no certain relation to the total 
renal blood flow. But inasmuch as Cd ap- 
proaches in magnitude the total renal blood flow, 
it affords in effect a method of following the 
latter, but subject only to the necessary qualifi- 
cations with respect to the completeness of ex- 
traction from the total renal blood. 

(oncotic plus capsular pressure) is not reached, or is not 
approached as closely as in the normal glomerulus (11). 

3 The parallel behavior of urea and inulin in all stages of 
diffuse glomerular nephritis indicates that the reduced 
excretion of both substances is primarily attributable to 
the obliteration of the filtering bed rather than increased 
back-diffusion of urea (1). 

Similarly the identity of the inulin and hexitol clearances 
in women with pre-eclampsia (13) argues against a sig- 
nificant decrease in glomerular permeability in a disease 
where thickening of the glomerular membranes is fre- 
quently observed. There is here no reason to suspect that 
a precisely compensating increase in tubular permeability 
has obscured a decrease in glomerular permeability, since 
tubular function is apparently not disturbed (14). 
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In this connection we may first note the con- 
sequences of the appearance in the renal pattern 
of impotent nephrons. The efferent blood from 
the glomerulus attached to the impotent tubule 
— blood which once was cleared by this tubule — 
will be available for clearance by such normal 
tubules as are located within the maximal sphere 
of diffusion of diodrast, etc., or circulation of the 
interstitial fluid. 

With regard to diffusion, a concentration gra- 
dient will be established between the capillary of 
the impotent tubule and such normal tubules as 
are excreting diodrast; at a constant plasma con- 
centration of diodrast, the time required for 
molecules to move the length of this gradient 
may be neglected, and the radius of diffusion may 
be conceived to be limited only by some actual 
interruption of the diffusion free-way. Conceiv- 
ably, the diodrast cleared by a particular tubule 
may diffuse out of a remote capillary. 

With regard to the circulation of interstitial 
fluid, it will be noted that out of 135 cc. of 
glomerular filtrate formed each minute, the 
greater fraction is reabsorbed by the tubules and 
must pass across the interstitial space to the 
capillary before it re-enters the blood. It cannot 
be imagined that this movement of water occurs 
along the shortest possible point-to-point route; 
on the contrary, there must be a considerable 
streaming between or along the tubules which is 
aided by the arterial pulse. This streaming will 
not only accelerate the movement of diodrast 
from capillary to excretory tubule but it may 
also increase the radius of clearance to a much 
larger area than diffusion alone would permit. 
Although diffusion and the circulation of renal 
interstitial fluid must play an important role in 
normal renal function, 4 their significance is ex- 

4 The fact that an average plasma extraction ratio of 
0*74 (15) or 0.85 (2) is observed in the explanted dog 
kidney is in itself unexpected, since some postglomerular 
blood must pass rapidly to medullary tissue which is 
supposed to be reabsorptive rather than excretory; physical 
diffusion and circulation of interstitial fluid probably 
obviate the local distribution of blood and aid in the 
niaintenance of this high extraction ratio. Any circum- 
stance which would restrict the movement of interstitial 
fluid (increased intrarenal pressure, perinephritis, etc.) 
would be equivalent in effect to a reduction in actual blood 
flow to such areas in the kidney as might be dependent 
for their perfusion on the circulation of interstitial fluid 
rather than on a direct blood supply. The meager facts 


perimentally more evident in the diseased kidney. 

The increased volume of blood which is made 
available for clearance by the formation of im- 
potent nephrons will appear in clearance tests as 
an apparent hyperemia of the residual functional 
tissue (increase in Co relative to Tmu ) ; but un- 
like the hyperemia resulting from either dilata- 
tion of the renal arterioles or increased perfusion 
pressure, this apparent hyperemia may not afford 
the normal tubules a proportionately increased 
supply of oxygen, etc., and it seems advisable to 
distinguish it from true hyperemia (vascular dila- 
tation) by qualifying it as a vicarious hyperemia. 

It is conceivable that loss of excretory activity 
may occur in large areas of a kidney, in single 
tubules, or in alternate cells of a tubule; in any 
of these instances, the extraction ratio of dio- 
drast in the blood which once was cleared by the 
now defunct tissue (unless it is anatomically 
available for vicarious clearance by residual func- 
tional units) will decrease from its high normal 
value (which we nominally take as 1.0) and ulti- 
mately fall to zero. Thus, in considering the 
diseased kidney as a whole, the overall extraction 
ratio may be expected to have any value be- 
tween 1.0 and 0.0, and Cd will have a very 
uncertain relation to the total renal blood flow. 5 
This circumstance does not, however, impair the 
usefulness of the clearance method; on the con- 
trary, it is under these conditions that it acquires 
a unique physiological significance. 

It will perhaps aid the reader to visualize the 
following argument if, as an extreme example, 
an inert cannula is imagined to be inserted be- 
tween the renal artery and the renal vein of a 
normal kidney so that some large fraction of the 
renal arterial blood passes directly to the renal 
vein by way of this cannula. Since the clear- 
ance method depends upon the presence of living 
excretory tissue to remove diodrast (or some 
other suitable substance) from the blood and 
excrete it in the urine, this ’ method can never 
discover h ow much blood passes from renal ar- 
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major movement of fluid is from the medulla towards the 
periphery of the kidney (3). 

‘This circumstance was recognized in our original de- 
scription of the diodrast clearance method (12) and was 
the basis of the definition of this clearance as the effective 
renal blood, * a, the virtual volume of blood which is 
completely cleared of diodrast. 
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tery to renal vein through the cannula. Nor 
will the cannula begin to excrete diodrast when 
the plasma concentration is raised; that is, it will 
not only fail to contribute to Cd such diodrast as 
is carried by the blood passing through it at low 
concentrations, but it will also fail to contribute 
diodrast to Tmr> when this is measured at high 
plasma concentrations. The same considera- 
tion applies to blood exclusively perfusing inert 
tissue ; 6 if particular diodrast molecules are not 
brought into effective juxtaposition with func- 
tional excretory tissue for clearance at a low 
plasma concentration, in general 7 they will not 
be made available for clearance simply in con- 
sequence of increasing the plasma concentration. 
And any tissue incapable of excreting diodrast 

6 The term “exclusively perfusing" excludes diffusion 
through and circulation of the interstitial fluid, while the 
term “inert tissue" excludes normal tubular tissue which 
is inactive simply in consequence of ischemia or because 
it is presented only with blood which has previously been 
cleared of diodrast. 

7 It is conceivable that a decrease in permeability of the 
capillaries, interstitial tissue or tubule cell, or some change 
in the tubular excretory mechanism itself, could retard the 
movement of diodrast from blood to urine; since the blood 
is available for clearance in the peritubular capillary for 
only a brief period, this retardation would lower the per- 
centage of the diodrast removed during its passage down 
this capillary. But whether the retarding factor is con- 
ceived as a positive barrier (e.g., impermeable connective 
tissue) or a negative fault (e.g., failure of the tubule cell 
to handle all molecules available to it), it would be ex- 
pected that the retardation would operate on any and ail 
molecules of diodrast with statistical indifference, with the 
result that the clearance probabilities for any particular 
molecule would not be increased by increasing the number 
of molecules. 

Exceptions to the above statement are conceivable: one 
might imagine that at a low concentration so large a frac- 
tion of diodrast was absorbed on the plasma protein that 
escape from the capillary by diffusion was greatly retarded 
and the extraction ratio correspondingly reduced; if now 
at some higher concentration the plasma proteins became 
saturated, the diffusion of diodrast from the capillary, and 
consequently the extraction ratio, would be increased. 
Since protein binding is a function of diodrast concentra- 
tion, this particular situation, chosen for illustration only, 
is not to be expected in practice. Whether or not as a 
result of disease a change in the kinetics of the tubular 
excretory process could have this consequence is undeter- 
mined, but it would seem that the problem can be examined 
by the progressive elevation of the plasma diodrast level. 
Such titrations as have been made by us to date have 
supplied no evidence of such a change. 


at low plasma levels will not acquire excretory 
capacity by virtue solely of an increased concen- 
tration of diodrast. We may generalize from 
the above by saying that where the plasma con- 
centration is the only changing factor, inert tissue 
is excluded from both Cd and Tma ; hence in the 
measurement of Cd and Tmo the same vascular 
and interstitial channels are involved, and in 
turn Cd and Tvid refer to the same nephrons or 
other units of excretory activity. Whether Tmo 
is conceived in terms of entire nephrons, indi- 
vidual cells or hypothetical excretory units of 
minimal dimensions, is immaterial: the ratio 
CdITi-hd expresses the virtual quantity of plasma 
completely cleared of diodrast per unit quantity 
of the excretory tissue which is effecting this 
clearance. Cd here has the same definition and 
the same significance as in the normal kidney in 
which, as emphasized above, there is already 
some inert tissue and some uncleared blood; if 
in disease some of the blood presented to a par- 
ticular nephron or a particular tubule cell escapes 
uncleared, the significance of the ratio remains 
unchanged. 

Thus a reduction in the overall extraction ratio 
of diodrast in the diseased kidney does not seri- 
ously impair the usefulness of the clearance 
method. On the contrary, this method is the 
only one capable of determining the volume of 
blood cleared by such functional excretory units 
as are inextricably mixed with scar tissue, tubu- 
lar detritus, connective tissue, etc., a datum upon 
which no information could be gained by the 
measurement of the total renal blood flow. 
When the diodrast clearance is referred to the 
total quantity of available functional tissue, i.e., 
by utilization of the ratio Cd/Thid, a datum is 
obtained which in most instances will be quali- 
tatively and quantitatively comparable with ob- 
servations made on the normal kidney. Even 
in normal subjects, Cd should be related to Tmn 
in order to take into account the varying quan- 
tities of excretory tissue which may be expected 
to occur in different individuals. 

SUMMARY 

The interpretation of clearance methods (the 
inulin and diodrast clearance, and diodrast Tni) 
in the diseased kidney is discussed. 
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Sixty patients with well-established essential 
hypertension form the basis of this report. 
These patients were selected from the Hyperten- 
sion and Nephritis Clinic of the New York 
University Clinic. A few subjects with radio- 
logic evidence of uropathology are included, but 
none who have evidence of glomerular nephritis 
or other specific renal disease. 

A major difficulty in a problem such as is con- 
sidered here is that the investigator cannot 
readily observe a particular patient pass from 
health through various stages of the disease, nor 
yet pass from any stage of the disease back into 
health. The perturbations of function in essen- 
tial hypertension are so insidious in onset and 
generally so slow in progress that they can be 
discovered only by a comparison of subjects in 
many phases of the disease with a number of 
normal subjects. Although this comparative 
method contains certain obvious dangers, we 
believe that the facts presented in this study 
demonstrate significant differences in renal func- 
tion in hypertensive and normal subjects. 

Pertinent clinical data are summarized in 
Table I, and the important data on renal func- 
tion in Tables II and III. The only points 
needing explanation are that the blood pressures 
m Tables II and III represent the average of 
several values observed by the auscultatory 
method during the measurement of the diodrast 
clearance. Each datum on the inulin clearance 
and diodrast clearance is the average of three or 
more urine collection periods, each datum on 
diodrast Tm the average of five periods. Addi- 
tional basal observations, comparable with those 
of Table II, are presented in Table III for pur- 
poses of reference in examining the effects of 
renal hyperemia. The data in Table II and the 

1 Aided by a grant from the Commonwealth Fund. 

2 Preliminary^ communications on this subject have ap- 

P^red elsewhere (8, 16). 


control data in Table III refer to the basal con- 
dition, uncomplicated by any therapy. 

We have previously shown the advantage of 
comparing renal function in various normal sub- 
jects in terms of their respective values of dio- 
drast Tin (9), and have amplified the reasons for 
this method of analysis, in respect to the dis- 
eased kidney, in the preceding paper (12). This 
relative method of analysis is followed here, the 
data on hypertensive subjects being presented 
against a statistical background afforded by the 
behavior of the normal kidney. The data for 
this purpose are drawn from Table IV of a previ- 
ous paper (9) where men and women are treated 
as one series, sex differences being negligible. 


1 . Diodrast clearance and diodrast Tm 


Figure 1 shows the diodrast clearance (Cj>) in 
relation to diodrast Tm (Tvid). Each subject 
is recorded once only, the average basal values 
of Cd and Tvid taken from Tables II and III 
being used. In normal subjects (9) the ratio, 
CdITihi >, has a mean value of 13.4 ± 1.4; this 
mean normal value is represented by the solid 
line, My the lines above and below M denoting 
multiples of the standard deviation. The ellipse 
is calculated to contain 70 per cent of the normal 
observations and actually contains 72 per cent. 3 

* This ellipse and the corresponding ellipse in Figure 2 
were not calculated in the paper in which the normal data 
were presented. 

The area on a scatter diagram within which we may 
theoretically expect 70 per cent of the observations to fall 
by chance alone is an ellipse formed by the equation 



2rxy y*\ 1 

Oier* "* cf ) 1 - r 2 ' 


where yf is taken from recorded yf tables (10) and is deter- 
mined by P, the proportion of observations which may be 
expected to fall outside the ellipse by chance alone, and by 
n, the degrees of freedom in the system. Here P is 0.30 
(i.e. t 70 per cent within the ellipse) and n — 2; hence, 
x 3 = 2.408. In the above equation x is the distance from 


637 



638 


W. GOLDRING, H. CHASIS, H. A. RANGES, AND H. W. SMITH 


If we were to start with a normal kidney in 
which CdITpid = 13.4 and were to reduce the 
quantity of tubular excretory tissue and the renal 
blood flow by proportional amounts, we would 
pass down the line M until we reached the inter- 
section of the zero ordinates. This is not to 
imply that the statistical regression line relating 
Cz> to Tvid in normal subjects extrapolates to 
zero, for it does not; the concept of proportional 
regression is merely an artifice convenient to 
functional interpretation. A variation of mean 
Co/TniD ± 2 a (13.4 db 2.8) should contain 95 per 
cent of the normal observations, and it is in 
keeping with the artifice of proportional regres- 
sion to conceive that any distribution of the 
hypertensive data disproportionate with this sta- 
tistical expectation is indicative of significant 
functional changes in Cp, TniD or both. 

The following facts are to be noted in Figure 1 : 

With the exception of three subjects (F. 0., 
R. D., and G. T.), Tmo is below the mean of the 
normal value (51.6 mgm. of iodine per minute) 
and ranges from slightly subnormal to very low 
values. As shown in Table I, the lowest values 
of Tmo are found in subjects with advanced 
retinopathy and significant proteinuria. In the 
latter instances it is evident on a statistical basis 
that impairment of tubular function, as judged 
by the loss of the capacity to excrete diodrast 
under conditions of saturation, has occurred. 
Whether or not Tmo has been reduced in those 
subjects in whom this value approaches the 
normal value cannot be answered from statistics 
alone, but it is inferred that such is the case, 

mx along the x axis, y is the distance from my along the y 
axis, o> and <r„ are the standard deviations of the distribu- 
tion in the x and y direction, respectively, and r is the 
coefficient of correlation, x is determined for various 
values of y by resolving the above equation in the quadratic: 



_ 2r<xi 

~ <r„ 



c = - (1 - r=)x=. 

An ellipse on a scatter diagram within which 70 per cent 
of the observations may be expected to fall by chance cor- 
responds roughly to a distance from — \a to -f- \c on a 
linear scale for one variable (6S percent of the observations). 


TABLE I 

Clinical data on hypertensive subjects 
(The subjects are arranged in order of decreasing 
diodrast Tin, this value being the average of all observa- 
tions under basal conditions.) 


Subject 

Diodrast 

Tin 

Range of blood 
pressure during 
hospitalization 

% 

.5 

QJ 

& 

Enlarged heart 

Proteinuria 

Hematuria 

Anemiaf 

Necropsy 

R. D. 

(mgm. 

iodine 

per 

minute) 

56.3 

168/120-174/124 

: 1 

Y 

0 

0 

N 

N 

G. T. 

53.4 

124/ 88-130/104 

0 

N 

0 

0 

N 

N 

F. 0. 

53.2 

106/ 80-112/ 99 

» 0 

N 

0 

0 

N 

N 

C. V. 

48.9 

142/ 86-194/150 

1 1 

N 

0 

0 

N 

N 

G. G. 

48.3 

150/ 95-165/120 

> 1 

N 

0 

0 

N 

N 

M. J. 

46.8 

152/ 80-174/110 

1 1 

N 

0 

0 

N 

N 

A. M. 

46.2 

160/100-180/110 

i 0 

N 

0 

0 

N 

N 

A. Me. 

45.1 

170/106 

1 

N 

0 

0 

N 

N 

M. G. 

44.7 

134/ 90-180/120 

1 

Y 

0 

0 

N 

N 

C. T. 

44.7 

158/ 84-210/108 

1 

N 

0 

0 

N 

N 

M. C. 

44.3 

164/112-192/126 

1 

N 

0 

0 

N 

N 

S. K. 

42.7 

160/110-210/134 

1 

Y 

4* 

0 

N 

N 

A. N. 

41.9 

138/ 78-158/100 

2 

N 

0 

0 

N 

N 

M. A. 

40.9 

178/120-226/140 

1 

Y 

0 

0 

N 

N 

E. G. 

40.1 

160/102-190/120 

1 

Y 

0 

0 

N 

N 

L. Js. 

40.1 

112/ 80-182/124 

1 

Y 

0 

0 

N 

N 

R. Me. 

39.0 

165/105-230/128 

1 

Y 

0 

0 

N 

N 

M. Jo. 

38.6 

132/100-170/124 

1 

N 

0 

0 

N 

N 

A. G. 

38.6 

192/ 90-230/130 

2 

Y 

0 

0 

N 

N 

M. M. 

37.9 

148/110-160/110 

1 

N 

4 

0 

N 

N 

V. V. 

37.5 

134/ 88-186/116 

1 

N 

0 

0 

N 

N 

C. B. 

36.7 

116/ 80-196/120 

0 

N 

0 

0 

N 

N 

S. W. 

36.5 

190/110-220/128 

1 

Y 

0 

0 

N 

N 

E. H. 

36.2 

154/ 94-190/130 

2 

Y 

0 

0 

N 

m 

H. N. 

35.4 

148/100-164/120 

1 

N 

0 

0 

N 

N 

M. T. 

35.1 

160/104-180/124 

1 

Y 

0 

0 

N 

N 

F. S. 

34.4 

175/ 95-208/114 

1 

Y 

0 

1 o 

N 

N 

R. Y. 

34.2 

180/125 

1 

Y 

4 

1 0 

N 

m 

K. S. 

33.5 

210/130-260/180 

1 

Y 

0 

0 

N 

N 

L. S. 

32.8 

190/120-240/150 

1 

N 

1 0 

0 

N 

N 

R. L. 1 

32.6 

200/125-240/140 

1 

Y 

0 

0 

N 

, N 

A. Mg. 

32.6 

160/ 98-196/110 

1 

i Y 

0 

0 

N 

N 

R. La. 

32.6 

130/ 80-170/105 

1 

i N 

0 

0 

N 

N 

U. B. 

32.5 

190/118-200/140 

1 

Y 

0 

0 

N 

N 

F. K» 

31.6 

, 144/ 92-170/112 

1 

N 

0 

0 

N 

N 

W. N. 

30.9 

I 162/110-238/170 

1 1 

Y 

0 

0 

N 

m 

J.O. 

30.5 

i 152/106-230/146 

2 

Y 

0 

0 

N 

N 

L. J. 

30.1 

102/ 76-178/128 

0 

Y 

0 

0 

N 

N 

L. K. 

29.5 

160/ 90-224/128 

1 

N 

0 

0 

N 

Nt 

E. D. 

28.9 

154/110-210/140 

1 

Y 

0 

0 

N 

N 

E. Wa. 

28.2 

154/108-216/126 

2 

N 

0 

0 

N 

m 

A. B. 

27.1 

154/104-180/130 

1 

Y 

0 

0 

N 

N 

M. P. 

26.6 

190/110-230/130 

2 

Y 

0 

0 

N 

N 

H. U. 

26.5 

164/ 90-230/134 

2 

N 

4 

0 

N 

Y 

D. C. 

25.7 

132/ 78-200/120 

2 

Y 

0 

0 

N 

N 

T. T. 

24.9 

174/102-180/112 

1 

Y 

0 

0 

N 

N 

G. F. 

24.6 

180/118-230/118 

1 

Y 

0 

0 

N 

N 

G. L. 

22.7 

148/110-270/170 

1 

N 

0 

0 

N 

N 

J. M. 

19.8 

194/162-220/152 

3 

Y 

44 

Y 

N 

Y 

J. M. 

16.6 

220/130-280/180 

3 

Y 

4444 

4 

Y 

Y 

G. H. 

14.8 

222/ 96-244/132 

3 

Y 

444 

Y 

N 

N 

H. G. 

12.3 

180/100-250/148 

3 

Y 

444 

Y 

Y 

Nt 

E. J. 

8.9 

204/130-270/160 

3 

N 

44 

Y 

Y 

Ni 

J. Br. 

4.6 

166/112-202/145 

3 

Y 

444 

Y 

N 

NT 

J. L. 

4.3 

170/ 95-210/11 0 

3 

Y 

444 

0 

Y 

Y 

N. S. 

3.0 

164/ 96-178/110 

3 

Y 

4 

Y 

Y 

Y 


BILATERAL SYMPATHECTOMY 


B. Fo. 
\V. Me. 

1 

37.0 

27.2 

140/ 90-210/120 
230/155 

3 

1 

Y 

Y 

4 

0 

Y 

0 

N 

N 

N 

N 

UNILATERAL NEPHRECTOMY 

J. G. 

37.2 

150/ 88-154/ 94 

1 

N 

0 

o 

N 

1 N 

W. S. 

33.8 

164/108-298/160 

1 

Y 

Y 

Y 

Y 

Y 


* 0 = negative; 1 = vascular changes; 2 = 1 + re- 


tinopathy; 3 = 2 + papilledema. 

t Less than 3 M. or less than 70 per cent hemoglobin. 
t Deceased. 
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TABLE II 

Basal observations on hypertensive subjects 

(Columns 4, 5, 6, 7 and 10 arc corrected to 1.73 sq. m. f column 10 corrected to 98.5° F. (15). Columns 11 and 12 are 
averages of columns 6 and 4 divided by the averages of column 10. Additional basal data given 
in Table III are included in above averages.) 


Subject 

Date 

Average 
blood 
pressures 
during Cd 

determi- 

nation 

j Plasma clearances 

Effective 

blood 

flow 

Filtra- 

tion 

fraction 

Temper- 

ature 

T TTID 

CDfTmz } 

CisjTmD 

Inulin 1 

Phenol 

red 

Diodrast 



mourn 

cc. per \ 

cc . per 

cc. Per 

cc. per 


° F 






■ 

minute j 

minute 

minute 

minute 






G. G. 

December 6, 1937 


116 


503 

818 

23.1 

99.6 

52.8 




February 16, 1938 

IRI 

149 

305 i 

506 

830 

29.5 

99.0 

48.6 




October 10, 1938* 


106 

296 

428 

652 

24.8 

99.0 

44.3 




October 21, 1938 

■CKfimu 

115 

276 

441 

689 

26.1 

98.8 

47.5 

9.7 

2.51 

M. G. 

December 17, 1937 


124 

327 

589 

1027 

21.1 






December 20 t 1937 


122 

368 

576 

1027 

21.2 

99.5 

53.2 




February 9, 1938 


123 

317 

521 

921 

23.6 

98.6 

41.3 




February 26, 1941 

152/100 

121 





99.0 

40.7 

12.5 

2.72 

M.J. 

May 20, 1940t 

150/94 

139 

369 

536 

862 

25.9 

98.5 

46.8 

11.4 

2.97 

A. M. 

February 25, 1938 


1 135 

398 

632 

1176 

21.4 






March 2, 1938 


127 

335 

584 

1003 

21.7 


46.2 

13.2 

2.84 

A. Me. 

April 22, 1940| 

198/118 

t 98.4 

261 

336 

544 

29.3 

98.0 

45.1 

7.4 

2.18 

C. T. 

December 4, 1939 

206/106 

105 


510 

832 

20.6 

98.4 

44.7 

11.4 

2.35 

M. C. 

March 29, 1940f 

180/124 

149 

344 

565 

835 

26.4 

98.0 

44.3 

12.8 

3.36 

S. K. 

October 7, 1940f 

196/130 

1 99.6 


358 

602 

27.8 

98.6 





November 8, 1940 j 

142/98 







42.7 

8.4 

2.33 

A. N. 

November 4, 1940 1 

158/100 

120 


452 

717 

26.6 

99.7 

41.9 

10.8 

2.86 

M. A. 

December 27, 1937 


142 

316 

556 

1035 

25.5 






December 30, 1937 

1 

117 

356 

598 

1075 

19.6 

99.0 

41.9 




November 6, 1939 

204/128 

151 


490 

823 

30.8 

98.6 

41.0 




November 15, 1939 

194/126 

122 


524 

952 

23.3 1 

99.2 

40.5 




December 6, 1939 

194/128 

; 117 


445 

686 

26.3 | 

99.6 | 

1 

12.7 

3.16 

M. Jo. 

Februarv 21, 1938 


1 118 

294 

485 

824 

24.3 j 

98.6 

41.1 




March ' 21,1938 


132 

402 

531 

848 

24.9 

99.6 

41.3 




April 4, 1941 

194/120 

105 


I 461 

752 

22.8 

99.4 

35.9 




May 7, 1941 

152/198 

83,6 


570 

877 

14.7 

99.2 

45.1 

12.5 i 

2.69 

E. G. 

December 8, 1937 


130 

346 

475 

1002 

27.4 

98.4 

43.4 




December 22, 1937 


113 

251 

448 

999 

25.2 

„ i 




R. Me. 

November 18, 1940f 

212/110 

94.8 


415 

728 

22.8 

98.6 

36.9 




December 9, 1940f 

200/120 

108 


488 

856 

22.1 

98.6 

41.1 

13.6 

2.60 

A. G.§ 

October 4, 1940f 

264/126 

71.9 


354 

580 

20.3 

98.8 

38.6 

9.2 

1.86 

L. J s . 

December 19, 1940f 

136/90 

106 


568 

1062 

18.7 

98.8 

38.3 

14.8 

2.77 

M. M. 

April 8, 1940f 

200/146 

121 

297 

380 

i 735 

31.8 

1 97.2 

1 37.9 

1 10.0 

3.19 

V. V. 

April 22, 1940 

140/92 

132 


732 

1 1118 

i 18.1 

97.8 

1 37.5 

19.5 

3.44 

H.N. 

May 17, 1940 

128/92 

101 


392 

i 652 

25.8 

1 99.9 

1 35.4 

! 11.1 

2.85 

M.T. 

March 3, 1941 f 

166/108 

127 


579 

| 982 

21.9 

| 98.6 

1 35.1 

1 16.5 

1 3.62 

s. w. 

November 29, 1940 

200/110 

70.5 


366 

666 

19.3 

98.2 

36.5 

10.0 

1.93 

F.S. 

November 14, 1940f 

204/120 

142 


i 504 

l 840 

28.2 

98.0 

; 34.4 

14.6 

4.12 

R. Y. 

March 25, 1938 


105 

230 

j 323 

! 588 

32.5 

98.6 

34.6 




April 4, 1938 


107 

216 

I 324 

: 568 

33.0 

98.4 

33.7 

9.5 

3.10 

K.S. 

May 12, 1941 1 

186/108 

136 


388 


35.1 

98.5 

33.5 

11.6 

4.06 

C. B. 

May 16, 1941 

124/75 

115 


! 542 

; 822 

21.2 

98.8 

36.7 

14.8 

3.13 

L. S. 

April 15, 1940f 

250/120 

102 

245 

1 436 

! 799 

23.4 


32.8 

13.3 

3.11 

A. Mg. 

September 27, 1940fi 

200/120 

1 12 


1 419 

746 

26.7 


32.6 

12.9 

3.43 

R. L. 

November 11, 1940 i 

166/130 

112 


1 500 

910 

22.4 

98.8 

32.6 

15.3 

3.43 

U, B. 

May 19, 1939 1 

198/130 

104 


416 

695 

25.0 

98.3 

32.5 

12.8 

3.20 

J. 0. 

March 12,1941 

210/138 

79.8 1 


| 347 

691 

23.0 

98.4 

29.5 

11.8 

2.70 

F. K. 

January 10, 1938 


126 

304 

1 530 

1080 

23.8 






January 24, 1938 


117 , 

2 82 

1 513 

930 

22.8 

98.4 

34.0 




February 2, 1938 


126 

260 

1 545 

1002 

23.1 






March 9, 1938 


107 

233 

487 

934 

22.0 

99.0 

29.9 




May 17, 1938 

156/110 

92.4 | 

240 

473 

942 

19.5 






October 26, 1938 

154/110 

99.4 

265 

I 530 

1060 

18.7 






November 2, 1938 

148/100 

96.3 

244 

497 

904 

19.4 






November 11, 1938 

148/100 

88.2 

197 

1 457 

774 

19.3 






May 27, 1940 f 

160/112 

131 

328 

1 633 

i 

1179 

20.7 


31.4 

16.3 

3.44 
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table Ii — Continued 






Average 

Plasma clearances 







1 




blood 




Effective 

blood 

flow 

Filtra- 

tion 

fraction 





Subject 

i 

! 

Date 


pressures 
during Cd 
determi- 
nation 

Inulin 

Phenol 

red 

Diodrast 

Temper- 

ature 

TniD 

CdITvid 

CwfTmD 

1 





cc. per 
minute 

cc. per 
minute 

cc. per 
minute 

cc. per 
minute 

per cent 

°F. 




W. N. 

January 

7, 

1938 


84.8 

180 

314 

575 

27.0 

100.0 

30.9 

10.2 

2.74 

L. J. 

October 

19, 

1938 

W TTJjf 1 

97 

218 

275 

500 

35.3 

101.5 

29.1 


January 

3, 

1939|| 


111 

252 

421 

668 

26.4 

99.3 

28.2 




January 

IB, 

1939 

■EiBi 

124 

321 

573 

895 

21.6 

99.2 

34.3 




March 

22, 

1939 

146/110 

94 


391 

610 

24.0 

99.5 

30.3 



L. K. 

December 

2, 

1940 f 

118 


419 

737 

28.2 

98.5 

29.8 

13.7 

3.59 

January 

10, 

1938 


104 

191 

323 

552 

32.2 




January 

19, 

1938 


88.8 

150 

267 

435 

33.2 

98.6 

28.6 




March 

18, 

1938 


120 

171 

292 

468 

41.1 

99.4 

30.3 




May 

20, 

1938 

230/130 

115 

219 

333 

571 

34.5 



E. D. 

May 

25, 

1938 


86.9 

157 

295 

482 

29.5 



10.3 

3.49 

June 

24, 

1940 1 


102 


425 

639 

24.0 

98.5 

30.6 

14.7 

2.96 

E. Wa. 

April 

1, 

1940f 


81 


308 

540 

26.3 

98.5 

29.6 

10.9 

2.82 

A. B. 

April 

15, 

1940 


68.2 


331 

535 

20.6 

98.4 

27.1 

12.2 

2.52 

M, P. 

December 

3, 

1937 


69.1 

191 

338 

537 

20.4 

98.6 

[ 29.7 




March 

14, 

1938 


75.4 

185 

268 

435 

28.1 

99.4 

23.5 

11.4 

2.72 

H. U4 

December 

1, 

1937 


91.4 

246 

532 

960 

17.2 


December 

13, 

1937 


91.8 

225 

475 

763 

19.3 

99.0 

26.6 




March 

23, 

1938 


110 

259 

529 

896 

20.8 






October 

4, 

1938f 

210/124 

105 

231 

497 

822 

21.1 

99.0 

24.2 




October 

27, 

1938 

196/122 

99.0 

246 

503 

889 

19.7 

99.0 

26.5 




November 

17, 

1938 

192/110 

108 

221 

521 

829 

20.7 



19.8 

3.91 

T. T. 

March 

19, 

1941 

200/110 

61.9 


280 

470 

22.1 

98.6 

24.9 

11.2 

2.49 

D. C. 

November 

3, 

1940 

176/100 

105 


530 

888 

19.8 

98.8 

25.7 

20.6 

4.08 

G. F.** 

November 

25, 

1940J 

148/100 

59.8 


303 

517 

19.7 

98.0 

24.6 

12.3 

2.43 

J. M. 

1 March 

14, 

1941 

204/110 

90.7 


375 

744 

24.2 

98.4 

22.9 

16.4 

3.96 

G. L.ft 

December 

23, 

1940 1 

170/134 

68.4 


241 

518 

28.4 

98.3 

22.7 

10.6 

3.01 

G. H. 

February 

11, 

1938 


40.7 

86.6 

168 

272 

24.2 

99.0 

14.3 




March 

4, 

1938 


39.2 

88.6 

154 

245 

25.5 

99.0 

15.2 

10.9 

2.71 

E. J. 

May 

24, 

1938 


24.5 

45.1 

79.8 

127 

30.7 

99.0 

8.9 

9.0 

2.87 

J. Br. 

February 

26, 

1940 

200/156 

10.0 


38.3 

85.2 

26.1 

98.4 

4.6 

8.3 

2.12 

J.L. 

December 

29, 

1937 


20.6 

32.8 

69.6 

102 

29.6 





January 

5, 

1938 


16.6 

29.5 

60.8 

88 

27.3 






January 

17, 

1938 


23.8 

31.6 

77.6 

109 

30.7 

98.6 

5.5 




March 

16, 

1938 


20.7 

18.4 

42.2 

56.2 

49.0 

98.6 

3.0 

14.7 

4.81 

N. S. 

February 

7, 

1938 


7.1 

10.0 

43.0 

61.0 

16.5 

98.8 

3.4 




March 

11, 

1938 


6.9 

9.0 

31.3 

41.7 

22.0 

98.6 

2.6 

12.4 

2.33 


BILATERAL SYMPATHECTOMY 


W. Mc.ti 
B. Fo.§§ 

February 

May 

June 

June 

28, 1940 
13, 1940 
3, 1940f 
17, 1940 f 

188/128 

154/106 

174/120 

170/120 

1 

271 

274 

339 

462 

396 

438 

703 

683 

618 

683 

! 

31.0 

19.1 
30.8 
24.4 

99.4 
98.6 

98.5 
98.5 

27.2 

37.0 

37.0 

12.5 

11.7 | 

3.86 

2.86 





UNILATERAL 

NEPHRECTOMY 






J- G.|| || 

February 

12, 1940 

162/108 

83.2 


354 

622 

23.5 

99.2 

37.2 




February 

16, 1940 1 

150/80 

89.2 


416 

885 

21.4 

99.2 


10.3 

2.32 

\v.s.n 

October 

31, 1938 

142/82 

122 


592 

1037 

20.6 


33.8 

17.5 

3.61 


4 G. G. Left renal omentopexy on June 14, 1938. 
t Unilateral method. 

J S. K. No change in renal blood flow in sitting position. 

§ A. G. Studied ten days after recovery from congestive heart failure. 

|| L. J. Right nephropexy on October 12, 1938, for costovertebral pain and hematuria. 

* H. U. Left omentopexy, June 14, 1938. Attempt at right omentopexy on July 10, 1939, abandoned because of 
inability to bring omentum to kidney. 

** G. F. T»: d done in sitting position. # . 

tt G. L. Denervation of right renal pedical, June 4, 1940. On December 23, 1940, right kidney was functionless, 
it \V. Me. Bilateral sympathectomy in June, 1938. 

§§ B. Fo. Bilateral sympathectomy, left side on May 18, 1939, and right side on June 9, 1939. 

)1 A J. G. Right nephrectomy on August 30, 1939. Diagnosis, atrophy of kidney with^ hydronephrosis. 

^ \V. S. Right nephrectomy in 1936, Diagnosis, renal tuberculosis. Not hypertensive. 
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TABLE III 


Obscn'a (tons on hypertensive subjects during induced hyperemia 

(Compared with last preceding observation made under basal conditions, usually one week previously . Asterisk marks 

the hyperemic study.) 





Mean 

Plasma clearance 









~ ■ ■■ 




blood 



Effcc- 

Filtra- 

Rectal 

temper- 

ature 







Subject 

Date 

pressure 
during C/> 
deterrni- 

Inulin 

Dio- 

drast 

live 

blood 

flow 

tion 

frac- 

tion 

TmD 

D-loady 

TmD 

Cd! 

TmD 

AC w 

ACd 

ATmn 




nations 

C/.v 

C D 














cc. Per 
minute 

cc . per 
minute 

cc. per 
minute 

Per 

cent 

° F. 

mgm. iodine Per minute 

per 

cent 

per 

cent 

per 

cent 

R. D. 

June 

24, 1940 

168/120 

150 

726 

1088 

20.7 

99.0 

56.3 

2.41 

12.9 



- 

F. 0. 

•June 

28, 1940 

140/92 

136 

1000 

1494 

13.6 

99.3 

54.7 

5.14 

18.3 

-9 

+38 

-3 

June 

17, 1940 

11 S/74 

130 

768 

1227 

16.9 

99.2 

53.2 

1.65 

14.4 



C. V. 

•June 

26, 1940 

112/6 4 

117 

1097 

1797 

10.7 

99.2 

53.8 

3.90 

20.4 

-10 

+43 

+ 1 

May 

29, 1940 

216/116 

96.8 

406 

664 

23.8 

98.6 

48.9 

1.63 

8.3 


M. G. 

•June 

5, 1940 

176/96 

86.3 

610 

931 

14.1 

98.5 

34.9 

5.05 

17.5 

-11 

+50 

-29 

January 

6 , 1939 

111 

555 

925 

20.0 

98.8 

43.5 

1.50 

12.8 



M. Jo. 

*Januar\ r 

11 , 1939 

136/88 

114 

1010 

1683 

11.3 

99.6 

45.6 

3.50 

22.2 

+3 

+80 

+5 

May 

1, 1939 

144/98 

114 

556 

785 

20.5 

98.8 

29.8 

1.75 

18.6 


E. G. 

♦May 

8 , 1939 

130/88 

106 

717 

1094 

14.8 

99.6 

34.0 

6.35 

21.1 

-7 

+37 

+ 14 

January' 

12 , 1939 

210/120 

130 

492 

910 

26.4 

98.4 

36.9 

1.80 

13.3 


V. V. 

♦January' 

16, 1939 

170/90 

116 

886 

1610 

13.4 

99.8 

39.2 

4.50 

22.6 

-11 

+88 

+6 

April 

5, 1940 

148/106 

125 

775 

1215 

16.1 

98.6 

37.5 

4.97 

20.6 



J. 0 . 

‘April 

30, 1940 

144 186 

124 

1318 

2042 

9.4 

98.4 

43.0 

7.56 

30.6 

;fc 0 

+75 

+ 15 

June 

10, 1940 

188/132 

93.9 

408 

752 

23.0 

98.6 

32.4 

2.47 

12.6 




F. K. 

♦June 

19, 1940 

186/126 

88.3 

685 

1262 

13.0 

99.3 

33.3 

3.73 

26.5 

-6 

+68 

+3 

March 

13, 1939 

168/102 

121 

604 

1105 

20.0 

98.8 

30.9 

9.8 

19.6 





•March 

20, 1939 

164/90 

116 

914 

1375 

12.7 

99.4 

29.6 

13.3 

23.1 

-4 

+72 

-4 


March 

1, 1940 

1 58/114 

140 

579 

1108 

24.2 

99.0 

32.0 

2.91 

18.1 




L.J. 

• May 

24, 1940 

166/120 

122 

1 7 52 

1400 

16.2 

i 99.3 

40.8 

3.72 

18.4 

-13 

+42 

+ 18 

March 

27, 1939 

134/90 

120 

471 

1 785 

1 25.5 

1 99.3 

29.0 

3.87 

16.2 




E. D. 

•April 

3, 1939 

128/90 

116 

622 

1056 

17.3 

1 99.8 

31.4 

4.71 

19.8 

-3 

+46 

+8 

May 

27, 1940 

196/142 

69.3 

' 386 

601 

18.0 

98.6 

27.1 

3.21 

14.2 


I 


E. Wa. 

♦June 

3, 1940 

184/118 

63.1 

571 

! 857 

11.1 

98.7 

27.8 

4.35 

20.5 

! —9 

! +41 

+3 

April 

8 , 1940 

174/108 

78.0 

1 344 

583. 

22.7 

i 98.3 

26.8 

3.72 

12.8 

i 

i 


A. B. 

♦April 

24, 1940 

178/108 

80.4 

827 

1343 

9.7 

98.6 

32.0 

7.33 

25.8 

-3 

+ 157 

+ 19 

April 

1, 1940 

170/120 

77.2 

393 

660 

19.6 

98.1 

27.1 

3.85 

14.5 




H.U. 

♦April 

26, 1940 

174/118 

70.8 

659 

1096 

10.7 

98.3 

25.9 

5.92 

25.4 

-8 

+82 

! —4 

March 

29, 1939 

198/112 

111 

544 

899 

20.4 

99.3 

24.4 

9.73 

22.3 




i 

♦April 

10, 1939 

172/102 

103 

567 

831 

18.2 

98.5 

22.6 

10.58 

25.1 

-7 

+8 

-7 


♦April 

17, 1939 

160/88 

117 

850 

1315 

13.8 

100.0 

24.5 

14.08 

34.7 

+5 

+62 



March 

8 , 1940 

172/104 

92.6 

582 

956 

15.9 

98.8 

31.0 

3.64 

18.8 




R. L. 

♦May 

1, 1940 

152/90J 

48.5 

394 

606 

12.3 

99.0 

35.0 

3.07 

11.3 

-59 

-25 

+ 13 

March 

10, 1939 

230/132 

145 

570 

976 

25.4 

99.0 


2.43 





J- M. 

♦March 

17, 1939 1 

182/110 

118 

758 

1330 

21.1 

99.0 

41.0 

7.91 

18.5 

-19 

+33 


May 

6 , 1940 i 

232/158 

51.0 

156 

252 

32.7 

98.4 

16.6 

2.76 

9.4 




H. G. 

♦May 

15, 1940 

248/162 

46.3 

152 

241 

30.4 

98.7 

10.9 

5.64 

13.9 

-9 

-3 

-34 

April 

19, 1939 

240/160 

63.2 

207 

362 

30.5 

100.0 

12.3 

5.77 

17.0 





♦April 

24, 1939 1 

236/136 

67.1 

241 

400 

27.8 

99.0 

14.1 

4.43 

17.1 

+6 

+ 17 

+ 15 

E. H. 

♦May 

12, 1939 1 

248/142 

60.8 

212 

348 

28.8 

99.0 

16.4 

3.60 

12.9 

-4 

+2 

+33 

May 

3, 1940 ' 

230/138 

76.4 

296 

539 

25.8 

99.1 

36.2 

2.57 

8.2 

+ 13 




♦May 

8 , 1940 

206/122 

86.2 

654 

1120 

13.2 

99.5 

28.8 

7.11 

22.7 

+ 121 

-21 


AFTER UNILATERAL SYMPATHECTOMY ON LEFT SIDE, MAY 20, 1940J 



•June 12 , 1940 

210/128 i 

i 

i 

R 41.8 
L 42.2 

284 

280 

415 

409 

14.7 

15.1 

98.8 




+ 10 
+ 10 

+92 

+89 


BILATERAL SYMPATHECTOMY 

W. Me. 

B. Fo. 

February 28, 1940 

•June 7, 1940 

May 13, 1940 

•May 20, 1940 

188/128§ 

198/130 

156/108|| 

146/90 

105 

115 

88.4 

83.2 

339 

443 

462 

628 

703 
832 ; 
683 
925 | 

31.0 
25.9 

19.1 

13.2 

99.5 
99.4 

98.6 
99.4 

i 

27.2 

37.0 

41.8 

1.20 

4.29 

2.7 

12.5 

16.2 

12.5 

15.0 

+ 10 

-6 

+31 
+45 j 

+ 13 


t During pyrogenic reaction symptoms of circulatory failure occurred. Recorded blood pressure probably not 

representative. 

X Left sympathectomy on May 20 , 1940. Reference values for Cm and Cd taken as one-half of bilateral values 
obtained on May 3, 1940. 

§ Basal T?nz> not available, so equated with value obtained on June 7, 1940. Bilateral sympathectomy in June, 1938. 
11 Bilateral sympathectomy in May and June, 1939. 















642 


W. GOLDRING, H. CHASIS, H. A. RANGES, AND H. W. SMITH 



Fig. 1. Diodrast Clearance (Effective Renal Plasma Flow) in Hypertensive Subjects, 

Related to Diodrast Tin (Tubular Excretory Mass) 

The statistical background is based on data from normal subjects (9), the ellipse being calculated to contain 70 per 
cent of the normal data, and actually containing 72 per cent. 


especially since the present group of patients all 
had well-established hypertensive disease. 

With the exception of three subjects (F. O., 
R. D. and V. V.)> Cd is below the mean normal 
value (669 cc. per minute) and, like Tvid, ranges 
from slightly subnormal to very low values. 
A reduction in Cd may result from either a de- 
creased total renal blood flow or a decreased ex- 
traction ratio (sec uncleared blood (12)). Since 
we cannot at present distinguish between these 
alternative explanations, we cannot say whether 
the total renal blood flow, i.e., the sum of un- 
cleared plus cleared blood, is decreased in these 
subjects or not. A reduction in the volume of 
blood cleared of diodrast implies, however, a 
reduction in the volume of blood cleared of such 
endogenous products as the tubules are normally 
called upon to excrete, and therefore an impair- 
ment of an important renal function. With 


regard to the reduction in extraction ratio, which 
probably occurs in these subjects, we have else- 
where (12) emphasized the importance of re- 
ferring the datum Cd to Thid by means of the 
ratio CdITdid, which expresses the relative quan- 
tity of plasma ( Cd ) cleared by the residual func- 
tional tissue, Tvid • It is in keeping with the 
physiological implications of this ratio to speak 
of increments or decrements beyond the normal 
or expected limits as a relative hyperemia or 
ischemia of the residual functional tissue. 

As can be seen from data in Figure 1, the ratio 
Cd/Tihd is distributed about the mean value in 
an uneven manner, 45 out of 60 subjects falling 
on or below M. This preponderant distribution 
below M suggests that some factor is operating 
in hypertensive subjects to produce a relative 
ischemia in the residual functional tubular tissue. 
This relative ischemia is, we believe, one of the 
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Fig. 2. Inulin Clearance (Filtration Rate) in Hypertensive Subjects, Related to Diodrast T m 
Statistical background as in Figure 1. The ellipse, again calculated to contain 70 per cent of the normal data, 
actually contains 75 per cent. 


major physiological disturbances characteristic 
of the hypertensive kidney, and will be discussed 
later in the paper. 4 

2. Inulin clearance and diodrast Tm 

Figure 2 presents the inulin clearance ( Cm ) in 
relation to Tthd, the mean normal values of Cm 
and Tvid and of the ratio Cm/TmD (the heavy 
line marked Ad) being taken from the normal data 
referred to above. Again the ellipse is calculated 
to contain 70 per cent of the normal observa- 
tions, and actually contains 75 per cent. 

4 Chesley and Chesley (4) have examined Cd in eleven 
hypertensive women and have also observed a decrease 
in this datum, associated with an increased filtration frac- 
tion, as estimated from the urea clearance, in eight of their 
patients. Since Cjs and TrriD were not determined, it is 
not possible to subject their data to the interpretive analy- 
sis to which our data are subjected in this paper. On the 
whole, however, their data are in agreement with our 
present observations. 


In all but five subjects (R. D., M. C., R. L., 
F. S. and K. S,), Cm is on or below the mean 
normal value (131 cc. per minute). There is, 
however, a tendency for Cm to remain within 
the lower range of normal values (92 to 131 cc.) 
until Tvid has been markedly reduced, as shown 
by the horizontal, leftward displacement of the 
data. 

Reduction in filtration rate might be caused 
by (a) decrease in blood pressure, (b) increase in 
the resistance presented by the afferent glomeru- 
lar arterioles or the preglomerular vascular bed, 
(c) thickening of the glomerular membranes to 
such an extent that equilibrium in respect to 
filtration pressure is not approached as closely t 
as in the normal kidney, or (d) by obliteration of 
glomeruli. Decreased blood pressure is clearly 
ruled out, since all these subjects have a mean 
pressure above normal; although the importance 
to be attached to the contributions of ( b ) and 
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fraction ( Cw/Cd ), as plotted in Figures 5 and 6. 
In normal subjects the filtration rate tends to 
remain constant when the renal blood flow is 
increased during pyrogenic hyperemia or de- 
creased by adrenalin, a circumstance which indi- 
cates that the locus of changing resistance is at 
the efferent glomerular arteriole (3, 14) . 6 Where 
the filtration rate is constant, the filtration frac- 
tion, FF, must vary inversely as Cd, i.e., FF 
when plotted against Cd/Tiud will describe a 
rectangular hyperbola, as shown in Figures 5 
and 6. In these figures the solid curve and its 
two dotted parallels represent respectively the 
course of FF, if FF X CdITthd = 2.56 =fc 2a, the 
mean normal value of Cm/Tnio- The hexagon 
represents an arbitrary area which contains 95 
per cent of the normal data under basal condi- 
tions; under adrenalin, FF rises above the limits 
of the hexagon, while during pyrogenic hyper- 
emia it falls below the hexagon, though in both 
instances it remains between the dotted param- 
eters of mean CwjTmo ± 2a (see Figure 2 of our 
previous paper (14)). 

The data on hypertensive subjects, as shown 
in Figures 5 and 6, are divided into two cate- 
gories: those to the left of the vertical dotted 
line represent basal observations, and those to 
the right represent observations made during 


6 Lamport (J. Clin. Invest., 1941, 20, 535, 545) has 
recently offered cogent and constructive criticisms of our 
quantitative interpretation of afferent and efferent regula- 
tion in the glomerular circulation. Lamport’s equation 
defining the filtration rate when variations in resistance 
are located in the afferent arterioles yields results not 
greatly differing from our own, and in any case is of less 
importance in the present problem than is the equation 
dealing with variations in efferent resistance. Here our 
equation leads to a constant filtration rate over a wide 
range of renal blood flow (neglecting subsidiary factors 
such as viscosity, etc.), while Lamport’s equation leads 
to a reduction in filtration rate as the blood flow is either 
increased above or reduced below the basal value by pure 
efferent constriction; i.e., reduction in blood flow with 
constant filtration rate would, according to Lamport, re- 
quire some measure of simultaneous afferent dilatation, 
which, of course, might follow passively in consequence of 
an increase in glomerular pressure. Without considering 
here the premises and equations involved, we may record 
our uncertainty concerning the validity of this particular 
interpretation, and note that, even accepting Lamport’s 
equation, which requires some afferent dilatation, efferent 
constriction is still indicated as the cause of the relative 
renal ischemia in group B of our hypertensive subjects. 


hyperemia. (The data on experimentally in- 
duced hyperemia will be discussed in the next 
section. The effects of adrenalin on hyperten- 
sive subjects have hot been examined.) 

The unselected hypertensive series as a whole 
(basal data, Figure 5) shows a wide scattering of 
FF relative to Co, though in almost all instances 
FF is greater than the mean normal value of 
19 per cent, and may reach values as high as 
those reached under the maximal action of ad- 
renalin in normal subjects. Since the relative 
ischemia in these hypertensive subjects is corre- 
lated with a rise in FF, we conclude that the 
ischemia is the result of increased resistance 
beyond the glomeruli. With no serious conse- 
quences if the assumption is not wholly correct, 
we may suppose that the major increase in re- 
sistance in the hypertensive kidney is in the 
efferent arterioles, rather than located in part in 
the postglomerular capillary bed. (We recog- 
nize that this assumption may have to be aban- 
doned when further information is available on 
the dynamics of the postglomerular circulation.) 

In many instances FF is higher than could be 
explained, in terms of the behavior of the normal 
kidney, on the basis of efferent constriction alone. 
Such a result is to be expected if, as suggested in 
Section 2, there exist in some hypertensive sub- 
jects impotent nephrons which are supplying 
glomerular filtrate but not clearing the post- 
glomerular blood of diodrast, or if the filtration 
rate in some nephrons is increased by elevated 
glomerular pressure. Consequently, we have 
deleted from Figure 5 those subjects in Group A, 
as defined above, who on the basis of a high 
Cix/TniD ratio were deleted in Figures 3 and 4. 
The selected group which remains (Group B) in 
Figure 6 (referring to the basal data only) now 
shows values of FF which, though elevated above 
the mean normal value, nonetheless fall within 
the normal parameters with respect to Cd/Tuid- 
In short, Group B presents an uncomplicated 
picture of renal ischemia induced by moderate 
to severe efferent arteriolar constriction. 

4. The induction of renal hyperemia in 
hypertensive subjects 

We have previously reported that certain non- 
specific pyrogens in adequate doses, accompanied 
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^ IG * 5. Inulin/Diodrast Clearance Ratio (Filtration Fraction) in Hypertensive Subjects, Related to the 
Effective Renal Plasma Flow Per Unit of Tubular Excretory Mass 

The statistical background is again taken from data on normal subjects (14), the hexagon containing 95 per cent of 
the normal basal data. Basal observations on hypertensive subjects are shown to the left of the vertical dotted line, 
observations during induced renal hyperemia to the right. 


by amidopyrine to reduce or eliminate the gen- 
eral autonomic disturbances of the pyrogenic 
reaction, produce in normal subjects a moderate 
to very marked renal hyperemia by efferent dila- 
tation (3, 13, 14). Since this is the only method 
known to us to induce renal hyperemia, we have 
utilized it in the examination of the vascular 
responses of the kidney in hypertensive subjects. 
Tbe pyrogen used here was a sample of highly 


pyrogenic inulin which had been used extensively 
for this same purpose in normal subjects. 7 

7 The physiological mechanism of this hyperemia is un- 
known. That it does not involve inhibition of renal vaso- 
constrictor fibers is suggested indirectly by the fact that 
in normal subjects the renal vasoconstrictor fibers are 
basally inactive (17) and in hypertensive subjects renal 
denervation does not consistently produce renal hyperemia 
(1, 2, 7). That it does not involve activation of sympa- 
thetic vasodilator pathways is suggested by our observa- 
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Our method has been to administer 0.6 gram 
of amidopyrine ever}' four hours, beginning at 

tions that a fair degree of pyrogenic hyperemia was ob- 
served in three sympathectomized patients, E. H., W. Me. 
and B. Fo., as recorded in Table III. But since vasodila- 
tor fibers may conceivably reach the kidneys by other 
than the thoracico-Iumbar sympathctics, this does not 
conclusively demonstrate the humoral nature of the renal 
reaction. 

Until more is learned about the mechanism of the hy- 
pcremic reaction itself, it is useless to speculate why pyro- 
gen should produce hyperemia in hypertensive subjects 
where ischemia is presumably referable to a humoral 
pressor agent. 


1 p.m. on the afternoon before the test. At 
8 a.m. on the morning of the test 100 to 200 mgm. 
of the pyrogenic inulin, dissolved in saline and 
sterilized by a single boiling of ten minutes, were 
given intravenously. Clearance collections were 
begun about 9:30 a.m., three ten- to fifteen- 
minute periods being taken for Cd and five 
periods for Tnio. The results of these observa- 
tions are given in Table III. In compiling this 
table we have chosen as a standard of reference 
for the basal state the last preceding observation 
made under basal conditions. 
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In comparing the hvpercmic with the basal 
data, it will be observed that with few exceptions 
the change in filtration rate is negative, but so 
slight as to be scarcely significant. (The marked 
fall in filtration rate in H. U. on May 1, 1940, 
was associated with a severe reaction involving 
a period of acute peripheral circulatory failure.) 

Only two subjects out of twenty (J. M. and 
H. G.) failed to show an increase in Co exceeding 
25 per cent of the basal value; since these sub- 
jects had marked retinopathy and marked pro- 
teinuria (Table I), as well as the lowest values 
of Tvid of all the subjects examined with pyrogen, 
and both died of the renal disease within a month 
of the observation, we infer that their failure to 
respond is related to the circumstance that they 
were in the advanced stage of the disease. It is 
difficult to evaluate the degree of hyperemia in 
the other subjects quantitatively. Normal sub- 
jects vary considerably in sensitivity to pyrogen 
and this is doubtless true of hypertensive sub- 
jects. In the latter, ColTnio during hyperemia 
ranges from 17.5 to 34.7 and averages 22.8, 
figures which are comparable with those shown 
in Figure 2 of our previous paper (14) on a 
smaller series of normals in which hyperemia was 
induced; consequently, we feel that the magni- 
tude of hyperemia obtained in the hypertensive 
subjects is equal to that obtained in normals. 

With regard to changes in FF during hyper- 
emia, we refer again to Figures 5 and 6, where 
the hyperemic data are shown to the right of the 
vertical dotted line. Where FF is abnormally 
high under basal conditions ( i.e ., lying outside 
the normal parameters, as in subjects H. U., 
V. V. and L. J.), it retains this anomalous rela- 
tion during hyperemia, a result consonant with 
the interpretation that in these subjects Cin is 
high, relative to Tthd , because of the existence of 
impotent tubules and/or elevated glomerular 
pressure. Deletion of those subjects (Group A) 
who were removed for this reason from Figures 
3 and 4 leaves a group (B) in which FF falls 
within the normal parameters basally, and re- 
mains there during hyperemia (Figure 6). 

Were the hyperemia attributable to dilatation 
of the afferent glomerular arterioles, we would 
expect both Cw and FF to increase markedly; 
our failure to observe this effect in a single in- 
stance reinforces our previous conclusion that 


the ischemia of the hypertensive kidney is a 
consequence primarily of increased tone of the 
efferent glomerular arterioles. 

5. Humoral origin of increased efferent tone 

That the increased efferent tonus in essential 
hypertension is not caused by a structural, ob- 
structive lesion is, we think, demonstrated by 
our observations that the renal blood flow can 
be increased and the filtration fraction lowered 
by agents which produce these effects in the 
normal kidney. 

That the efferent hypertonus is not of neuro- 
genic origin is indicated by the fact that various 
operations intended to denervate the kidneys 
fail in general to increase the renal blood flow, 
or if the mean blood pressure is not substantially 
reduced, to lower the filtration fraction (1, 2, 7). 
The single subject (E. H.) examined by us before 
and after unilateral sympathectomy 8 showed no 
difference in Cd or FF between the operated and 
unoperated side during the development of pyro- 
genic hyperemia. Nor are these values signifi- 
cantly different from other hypertensive subjects 
in the two subjects (W. Me, and B. Fo.) who 
were examined postoperatively. Admitting the 
difficulty of establishing complete denervation of 
the human kidney, and recognizing that the 
above evidence does not logically exclude a local 
or myogenic origin for the increased efferent 
tone, we tentatively accept the humoral theory. 

Page and Helmer (11) have prepared a crys- 
talline pressor substance (angiotonfn) by the 
reaction between renin and plasma, and Cor- 
coran, Kohlstaedt and Page (5, 6) have shown 
that this substance produces renal ischemia by 
efferent arteriolar constriction in dog and man. 
Through the courtesy of Doctors Page and 
Helmer, who have supplied us with some of this 
substance, we have been able to confirm their 
observation in normal man. These investiga- 
tors have suggested that angiotonin is respon- 
sible for the increased efferent tonus in essential 
hypertension. The present study throws no 
light on this question, but from our experience 
with pressor amines such as adrenalin (3), neo- 
synephrin, cobefrin, tyramine, paredrinol, etc. 

8 This subject was sympathectomized by Dr. Norman 
Freeman. 
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(unpublished data) , it seems probable to us that 
a variety of substances will constrict the efferent 
arterioles and, until further evidence is available, 
we hesitate to accept the view that angiotonin 
or any other one substance is the specific humoral 
agent involved in hypertensive disease in man. 

6. Changes in diodrast Tm during hyperemia 

Diodrast Tm , conceived to be an index of the 
total active tubular (excretory) tissue (15), has 
special significance in the hyperemic studies inas- 
much as tubules rendered inactive by ischemia 
under basal conditions might become active, in 
consequence of opening of vascular channels, 
during hyperemia. In this connection it must 
be noted that the contribution of a particular 
tubule to TmD will be maximal only so long as 
the plasma flow to the tubule is adequate, at the 
existing diodrast plasma concentration, Pd, to 
effect saturation. Consequently, the use of Tmo 
to detect inactive (ischemic) tubular tissue is 
contingent upon Pd in the sense that the higher 
P D is, the lower must be the blood flow to the 
ischemic tubular tissue before the latter will 
cease to contribute to Tvid • In terms of the 
overall function of the two kidneys, we may 
calculate the load of diodrast carried to the 
tubules as the product of the plasma flow times 
Pd, minus the quantity of diodrast excreted 
through the glomeruli; if we take the plasma 
flow equal to Cd, as observed immediately before 
Tvid measurement, then 

tubular load = Pd(Cd — FWCifi), 

where FW is the fraction of free or ultrafiltrable 
diodrast at the plasma level, Pd, actually present 
during Tmo determination. It is convenient 
to refer the load to Tina, as in column 10 of 
Table III. 

In the observations made here, the load /Tmo 
ratio has with very few exceptions been greater 
during hyperemia than during basal conditions 
(in part because of the increase in Cd) ; this cir- 
cumstance would operate, quite apart from any 
increase in blood flow, to saturate any tubules 
which might have been unsaturated in conse : 
quence of even severe ischemia during the basal 
state. 

In three subjects (C. V., E. H. and J. M.) 


TniD decreased during hyperemia by more than 
10 per cent; in C. V. there was a distinct fall in 
mean blood pressure during Tmo measurement, 
which may have reduced perfusion to some parts 
of the kidney. J. M. was examined during the 
accelerated phase of the disease and died within 
one month after the last observation ; at necropsy 
the kidney showed multiple abscesses and necro- 
tizing arteriolar lesions. The observations on 
E. H. appear to be technically satisfactory. In 
seven subjects TmD increased by more than 10 
per cent, the largest increase being +33 per cent 
(H. G.); while in ten subjects there was no sig- 
nificant change (less than 10 per cent) in TniD 
during hyperemia, despite changes in Cd ranging 
up to 88 per cent. 

In interpreting the fact that Tmo fails to 
increase in so many subjects during hyperemia, 
it may be noted that, although the pyrogenic 
reaction appears to involve a humoral vaso- 
dilatory agent, so far as the efferent arterioles of 
the kidney are concerned, this is probably not 
the only vasomotor disturbance. Considered 
alone, it is difficult to predict whether efferent 
arteriolar dilatation would necessarily restore 
perfusion in portions of the renal parenchyma to 
which the blood flow had been reduced by func- 
tional constriction or obstructive lesions in the 
preglomerular arterial bed; and when combined 
with a decrease in mean blood pressure and 
possibly with changes in the status of the pre- 
glomerular arterioles, it is not on the whole sur- 
prising that a variety of results may be obtained, 
even in the same individual, in consequence of 
the experimental induction of hyperemia. 

What appears to us to be the important fact 
is that in some subjects a significant increase in 
Tmo has been observed during hyperemia, dem- 
onstrating that substantial portions of renal 
parenchyma capable of excreting diodrast were 
not available to perfusion under basal conditions. 

It is not to be concluded, however, that the 
local ischemia is necessarily a direct consequence 
of the increased tone of the efferent glomerular 
arterioles. We have, in general, been unable to 
produce any decrease in Tihd with adrenalin in 
normal subjects, and it seems improbable to us 
at the present time that efferent constriction in 
the normal kidney could completely obstruct the 
glomerular, and hence the postglomerular, circu- 
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lation. In view of the wdl-recognized fact that 
the arteriolar lesions in the hypertensive kidney 
are most evident in the preglomerular and affer- 
ent arterioles, and that these lesions are in many 
instances of such a nature as to narrow or ob- 
struct the lumen, wc cannot avoid the inference 
that it is in these lesions that we must at least 
in part seek the basis of occluded renal paren- 
chyma. 

7. Changes in diodrast Tm 

With regard to the constancy of Tint), in 
studies to be reported elsewhere we have been 
unable in normal subjects to produce significant 
changes in this value by the induction of hyper- 
emia or by the administration of adrenalin or 
caffeine. In ten of the hypertensive subjects 
listed in Table II we have obtained fair agree- 
ment in Tvid on repeated examination (G. H., 
E. D., L. K. f R. Y. ( M. Me., G. G. f M. A., F. K., 
L. J. and H. U.) f in some of these over a period 
of two to three years. In two subjects, however 
(M. G. and M. Jo.), there have been notable but 
unexplained changes. 

Between December 20, 1937, and February 9, 
1938, when the patient M. G. had been con- 
tinuously in the hospital, her Tihd fell from 53.2 
to 41.3. This latter value was obtained again 
after a three-year period. It is, of course, pos- 
sible that this represents a rapid progression of 
renal disease, but this interpretation is rendered 
less certain by our observations on M. Jo. 

In M.Jo. Tm D decreased from 41.3 to 29.8 
between March 21, 1938, and May 1, 1939, only 
to rise again to 35.9 by April 4, 1941. Even 
more striking is the increase from 35.9 to 45.1 
on hospitalization from April 4 to May 7, 1941. 
We have earlier in the paper given reasons for 
believing that there is a progressive reduction in 
T?nr> during the course of hypertensive disease 
and our experience with M. Jo. suggests that in 
some instances there may occur marked transient 
fluctuations in this value without apparent clini- 
cal changes. Such fluctuations might be caused 
by extreme focal ischemia of tubular tissue which 
excluded it from perfusion during Tmn measure- 
ment, or by intrinsic loss of capacity on the part 
of the tubules to excrete diodrast with subse- 
quent regeneration or compensatory hypertrophy 
m other nephrons. 


With regard to changes in Tin D} it is pertinent 
that White, Heinbecker and Rolf (18) have dem- 
onstrated that in the dog Tmn is substantially 
reduced by anterior hypophysectomy, while Win- 
ternitz and his collaborators (19) have shown 
that in vitro autolysates of renal tissue contain 
cytotoxic agents which attack arteriolar and 
other tissue throughout the body, and such 
agents, if present in hypertensive disease, might 
also be injurious to tubular function. Our data 
indicate that the progressive loss of tubular func- 
tion, as measured by Tmv, is characteristic of 
the course of hypertensive disease, but whether 
or not the same factors produce both temporary 
and progressive changes in tubular function is 
unknown. 

SUMMARY AND CONCLUSIONS 

The filtration rate (Gw), diodrast clearance 
(Go) and the maximal rate of tubular excretion 
of diodrast ( Tm D ) have been examined in sixty 
subjects with essential hypertension. Compari- 
son of the data with those previously reported 
for the normal kidney reveals the following facts; 

An extreme reduction in Tmn occurs in ad- 
vanced states of the disease, and for the entire 
series of sixty subjects Tm D is below or in the 
lower normal range; these facts lead us to infer 
that the disease is characterized by a progressive 
impairment of tubular function which proceeds 
at varying pace in different subjects. 

In some individuals impairment of tubular 
function appears to outrun impairment of glo- 
merular function (formation of impotent tubules), 
so that the filtration rate remains within the 
limits of normal variation when Tm D has been 
substantially reduced. In the nature of the renal 
circulation, elevation of the mean systemic blood 
pressure or the formation of impotent tubules 
may increase the quantity of diodrast-containing 
blood perfusing the residual functional tissue. 
We believe that in either case the anomalous 
condition will be revealed by the presence of a 
high filtration rate per unit of functional tubular 
tissue. 

Deleting such anomalous instances, the effec- 
tive blood flow per unit of functional tubular 
tissue, or the ratio CnjTviD, in the remaining sub- 
jects, ranges downward from the mean normal 
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to highly subnormal values, indicating relative 
renal ischemia. Since this ischemia is associated 
with an elevation of the filtration fraction, it is 
attributed to increased tone of the efferent glo- 
merular arterioles. On the available evidence, 
this increased efferent tone may in turn be 
attributed to the presence of one or more pressor 
substances in the blood. The increased efferent 
tone is functionally reversible, in that renal 
hyperemia, associated with a fall in filtration 
fraction (efferent dilatation), follows the admin- 
istration of suitable doses of pyrogen, as in nor- 
mal subjects. The absolute values of CdITvid 
in hypertensive subjects during hyperemia are of 
the same order of magnitude as in normals during 
the hyperemic reaction. 

In most hypertensive subjects, Tmo has been 
reasonably constant over a considerable period, 
and has not increased during pyrogenic hyper- 
emia. In some subjects, however, Tnio was 
increased during hyperemia, indicating that in 
these and perhaps in other subjects substantial 
quantities of tubular tissue may be ischemic 
under basal conditions. Spontaneous changes 
in Tm D have been observed which may reflect 
changes in the quantity of tubular tissue avail- 
able to perfusion or trophic changes in the ex- 
cretory tissue itself. 

In brief, the functional picture presented by 
the hypertensive kidney is consonant with the 
theory that there is present in the blood in hyper- 
tensive disease one or more pressor substances 
which produce a reversible renal ischemia by 
constriction of the efferent glomerular arterioles. 
In addition, there is profound impairment and 
ultimate destruction of tubular function. Which 
of these precedes the other is as yet undetermined. 

There is no evidence in the present investiga- 
tion to warrant the conclusion that renal ischemia 
is the primary cause of essential hypertension. 
The renal ischemia demonstrated here, which has 
its origin in increased tone of the efferent glo- 
merular arterioles, appears to be one of the 
sequelae of the hypertensive process. We may 
place on record our belief that primary renal 
ischemia in man can, under proper quantitative 
circumstances, initiate a hypertensive process, 
but whether or not the secondary’ ischemia, asso- 
ciated with efferent hypertomis, which is present 
in hypertensive subjects generally, contributes 


to the progress of the disease cannot be answered 
from this study. Alternatively, the possibility 
cannot yet be excluded that the appearance of 
pressor and cytotoxic substances in the blood 
follows a metabolic disorder in the kidney or in 
other organs, and is wholly independent of renal 
ischemia. 

The analysts in this work have been Helen A. Keigher, 
Katharine S. Tilson, Frances E. Marx, Betty J. Crawford 
and Martha J. Barrett. We are indebted to them, and 
to Nurse Ann S. Rivoire and Nurse Helen R. McGuire for 
their unfailing cooperation. 

The clearance technique and analytical methods used in 
this study were identical with those described in a previous 
paper (9). The inulin for the most part was ampouled 
material obtained from the U. S. Standard Products Com- 
pany, Madison, Wisconsin; the diodrast, which was sup- 
plied in part by courtesy, was obtained from Winthrop 
Chemical Company, New York; and the saline was pre- 
pared by the Sterisol Ampoule Company (Schering and 
Glatz, Inc.), New York. 
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to highly subnormal values, indicating relative 
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substances in the blood. The increased efferent 
tone is functionally reversible, in that renal 
hyperemia, associated with a fall in filtration 
fraction (efferent dilatation), follows the admin- 
istration of suitable doses of pyrogen, as in nor- 
mal subjects. The absolute values of Co/Tmo 
in hypertensive subjects during hyperemia are of 
the same order of magnitude as in normals during 
the hyperemic reaction. 

In most hypertensive subjects, Tmo has been 
reasonably constant over a considerable period, 
and has not increased during pyrogenic hyper- 
emia. In some subjects, however, Tmn was 
increased during hyperemia, indicating that in 
these and perhaps in other subjects substantial 
quantities of tubular tissue may be ischemic 
under basal conditions. Spontaneous changes 
in Tvid have been observed which may reflect 
changes in the quantity of tubular tissue avail- 
able to perfusion or trophic changes in the ex- 
cretory tissue itself. 

In brief, the functional picture presented by 
the hypertensive kidney is consonant with the 
theory that there is present in the blood in hyper- 
tensive disease one or more pressor substances 
which produce a reversible renal ischemia by 
constriction of the efferent glomerular arterioles. 
In addition, there is profound impairment and 
ultimate destruction of tubular function. Which 
of these precedes the other is as yet undetermined. 

There is no evidence in the present investiga- 
tion to warrant the conclusion that renal ischemia 
is the primary cause of essential hypertension. 
The renal ischemia demonstrated here, which has 
its origin in increased tone of the efferent glo- 
merular arterioles, appears to be one of the 
sequelae of the hypertensive process. We may 
place on record our belief that primary renal 
ischemia in man can, under proper quantitative 
circumstances, initiate a hypertensive process, 
but whether or not the secondary' ischemia, asso- 
ciated with efferent hypertonus, which is present 
in hypertensive subjects generally, contributes 


to the progress of the disease cannot be answered 
from this study. Alternatively, the possibility 
cannot yet be excluded that the appearance of 
pressor and cytotoxic substances in the blood 
follows a metabolic disorder in the kidney or in 
other organs, and is wholly independent of renal 
ischemia. 

The analysts in this work have been Helen A. Keigher, 
Katharine S. Tilson, Frances E. Marx, Betty J. Crawford 
and Martha J. Barrett. We are indebted to them, and 
to Nurse Ann S. Rivoire and Nurse Helen R. McGuire for 
their unfailing cooperation. 

The clearance technique and analytical methods used in 
this study were identical with those described in a previous 
paper (9). The inulin for the most part was ampouled 
material obtained from the U. S. Standard Products Com- 
pany, Madison, Wisconsin; the diodrast, which was sup- 
plied in part by courtesy, was obtained from Winthrop 
Chemical Company, New York; and the saline was pre- 
pared by the Sterisol Ampoule Company (Schering and 
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Unilateral renal disease in man has been widely 
accepted as a primary cause of arterial hyper- 
tension. The assumption is made that there has 
been obstruction to the blood flow in the dis- 
eased kidney and that the resulting ischemic 
renal tissue is directly responsible for the ab- 
normal elevation of the blood pressure. If such 
were the case, it seemed to us that it could be 
demonstrated by the examination of the separate 
kidneys, and this report concerns the application 
of the clearance methods to this problem. 

!• Application of the clearance method to 
unilateral studies 

The possible difficulties 2 which present them- 
selves when applying the clearance technique to 
unilateral measurements lie in the failure to ob- 
tem a total collection of urine by means of 
ureteral catheters, and the excitation of reflex 
renal vasoconstriction by trauma to the bladder 
and ureters or physical and mental discomfort 
associated with prolonged catheterization. 

On the question of complete collection, we find 
that if a Number 8 French, flute-tipped, radio- 
opaque, silk catheter with six eyes is passed only 
12 cm. up the ureter, Le., into the portion of the 
ureter having the narrowest lumen, extra-cathe- 
ter flow is usually avoided. The occurrence and 
extent of leakage around the catheter can be 
detected by addition of phenol red to the infusion 
fluid, and by inserting a third catheter in the 
bladder; the bladder can thus be rinsed at inter- 
vals, when leakage will be revealed by the appear- 
ance of dye in the bladder urine. Where it is 
possible to identify the side on which leakage 

1 Aided by a grant from the Commonwealth Fund. 

Accurate determination of the rate of urine flow might 
not be obtainable from a large hydronephrotic kidney, and 
* e clearance method could be employed accurately only 
the plasma concentration of diodrast and inulin were 
e pt constant, and if no urine accumulated in the dilated 
Pelvis. 


occurs, analysis of bladder urine may be used to 
correct the data on the appropriate kidney. 

With regard to reflex vasoconstriction, we be- 
lieve that it occurred once in the forty-five sub- 
jects whom we have examined. In this instance 
it was concluded that there was vasoconstriction 
of the afferent glomerular arterioles, manifesting 
itself by a marked decrease in renal blood flow, 
filtration rate (constant filtration fraction) and 
urine volume; the spasm lasted for about twenty 
minutes with a gradual return to normal func- 
tion at the end of one hour. Otherwise, the 
values observed by us in unilateral studies are 
comparable to those obtained in bilateral studies. 
Again, in ten patients who had both unilateral 
and bilateral tests, satisfactory agreement was 
found in all the values obtained by both methods. 

2 . Selection of subjects 

Patients with hypertension were selected at random 
from the Nephritis and Hypertension Clinic of the New 
York University College Clinic and from the wards of the 
Third (New York University) Medical Division of Bellevue 
Hospital. There were seventeen female and four male 
subjects. These subjects were considered to have essential 
hypertension and were representative of the entire clinic 
population with this diagnosis. No attempt was made 
to choose or exclude those patients who gave evidence of 
urinary tract disease. It is important to note that in this 
random selection no instance of advanced destructive uni- 
lateral renal disease was encountered. 

In addition to the twenty-one subjects here reported, 
hypertensive patients who had undergone splanchnicec- 
tomy, renal-omentopexy and nephropexy were also studied 
by the same technique and will be reported elsewhere. 

Observations were also made on five normal individuals 
for the purpose of establishing the technique of the pro- 
cedure. These normal subjects were convalescent, volun- 
teer ward patients, in whom no evidence suggestive of renal 
or hypertensive disease was obtained. 

3. Procedure 

. To reduce the urine fl°w and prevent leakage, the pa- 
tients were taken off fluids for a sixteen-hour interval 
preceding the period of observation. They were examined 
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vithout breakfast, the examination being made with the 
)atient in the supine position. One-half hour before 
:ystoscopy the majority of the patients received 0.20 gram 
>f pentobarbital by mouth. It is believed that this seda- 
ion did not affect the measurements since repetition of 
he test without sedation in the same patient yielded com- 
jarable data. Following routine cystoscopic examination, 
dumber 8 ureteral catheters were inserted about 12 cm. 
ip the ureters. In those instances where we failed to 
ntroduce a Number 8 F., Number 7 F. or Number 6 F. 
:atheters were used. The cystoscope was then removed, 
ixcept in occasional instances when it was allowed to 
emain in position during the period of observation. 
V multi-eyed urethral catheter was then inserted into the 


bladder. An infusion of phenol red, diodrast and inulin 
was given throughout the period of observation. Follow- 
ing the discard period, either three urine collection periods 
or a single long urine collection period of about twenty-five 
minutes were taken and the rate of glomerular filtration 
and effective renal blood flow measurements were made in 
this time interval. In those patients in whom the meas- 
urement of the tubular excretory mass was to be made, 
a second series or a single urine collection period was taken 
after a twenty-minute discard period. For detailed data 
concerning the preparation of the infusion fluid, the. chemi- 
cal analytical methods, etc., the reader is referred to 
previous papers (1, 2). 

Immediately following the clearance studies, retrograde 


TABLE i 

Observations on the separate kidneys of hypertensive subjects 
(Columns 3, 4, 5, 6, 7, and 8 corrected to 1.73 sq. m., Column 8 corrected to 98.5° F.) 


Subject 

Date 

Plasma clearances 

Effective 

blood 

flow 

Filtra- 

tion 

fraction 

Diodrast 

Tm 

Diodrast 

clearance 

Inulin 

clearance 

Plasma 
flow A* 


Inulin 

Phenol 

red 

Diodrast 

Diodrast 

Tm 

Diodrast 

Tm 



kidney 

cc. per 
minute 

cc, per 
minute 

cc. per 
minute 

cc. per 
minute 

Per cent 

mgm . iodine per minute 

j per cent 


HYPERTENSIVE SUBJECTS 


M. J. 

May 

20, 1940 


73.3 

185 

282 

454 

26.0 

22.6 

12.4 

3.24 




65.9 

184 

254 

408 

25.9 

24.2 

10.5 

2.72 

A. Me. 

April 

22, 1940 

R 

46.8 

122 

154 

249 

30.3 

20.1 

7.7 

2.33 



51.6 

139 

182 

295 

28.3 

25.0 

7.3 

2.06 

M. C. 

March 

29, 1940 


66.1 

146 

250 

370 

26.5 

20.9 

12.0 

3.16 




82.6 

198 

315 

465 

26.2 

23.4 

13.4 

3.53 

L. Js. 

December 

19, 1940 


57.6 


294 

550 

19.6 

19.4 

15.2 

2.97 




56.4 


274 

512 

20.6 

20.7 

13.2 

2.73 

M. M. 

April 

8, 1940 


61.1 

150 

194 

377 

31.4 

18.9 

10.3 

3.23 



59.7 

147 

185 

358 

32.2 

19.0 

9.8 

3.14 

A. G. 

October 

4, 1940 

R 

35.7 


176 

284 

20.3 

18.9 

9.3 

1.89 



36.2 


180 

295 

20.1 

19.7 

9.1 

1.84 

A. N. 

November 

4, 1940 


59.2 


225 

357 

26.3 

21.8 

10.3 

2.71 



60.5 


227 

360 | 

26.6 

20.1 

11.3 

3.01 

R. Me. 

November 

18, 1940 


45.1 


200 

330 

22.5 

16.7 

12.0 

2.70 



49.7 


216 

357 

23.0 

20.2 

10.7 

2.41 

F. S. 

November 

14, 1940 

R 

69.5 


243 

402 

28.7 

17.4 

14.0 

4.00 




72.9 


261 

432 

28.2 

17.0 

15.4 

4.28 

K. S. 

May 

12, 1941 


59.6 


166 

281 

36.0 

13.1 

12.6 

4.50 




76.3 


222 

375 

34.0 

20.4 

10.9 

3.70 

L. S. 

April 

15, 1940 


49.4 

121 

211 i 

398 

23.5 

15.4 

13.7 

3.20 




52.2 

124 

213 

401 

24.5 

17.4 

12.2 

3.00 

A. Mg. 

September 

27, 1940 


56.3 1 


220 ! 

392 

25.6 

14.8 

14.9 

3.80 



56.0t 


199 | 

354 

28.1 

17.8 

11.2 

3.10 

F. K. 

May 

27, 1940 

R 

63.0 

158 

303 

564 

20.8 

16.2 

18.7 

3.88 




L 

6S.0 

171 

330 

615 

20.6 

15.2 

21.7 

4.47 


- 6.0 

-15.3 

-48.7 

-39.3 

-16.7 
+ 5.0 

-14.5 

-20.3 

-35.3 

-38.3 

-41.3 

-46.2 

-25.0 

-24.3 

-33.3 

-28.0 

-19.0 

-13.0 

-50.4 

-33.7 

-29.7 

-29.0 

-26.6 

-33.3 

-11.9 
- 4.1 
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TABLE I— Continued 


Subject 

1 

Date 

| 

I Plasma clearances 

? : — 

Effective 

blood 

flow 

Filtra- 

tion 

fraction 

Diodrast j 
Tm 

Diodrast 

clearance 

Inulin 

clearance 

Plasma 
flow A* 

m 

Inulin 

Plicnol 

red 

Diodrast 

Diodrast 

Tm 

Diodrast 

Tm 



kidney \ 

cc. per 
minute 

cc. per 
minute 

! 

cc. per 
minute 

cc, per 
minute 

per cent 

mgrn. iodine per minute 

per cent 


HYPERTENSIVE SUBJECTS — Continued 




24, 1940 

R 

53.8 

■i 

220 

331 

24.3 

15.8 

13.9 

3.39 

-26.7 


L 

48.4 


205 

308 

23.3 

14.8 

13.8 

3.27 

— 31.6 

E. \Ya. 

April 

1, 1940 

R 

40.2 

1 

162 

i 270 

1 24.9 

14.9 

10.8 

2.69 

-52.9 


L 

40.8 

■ 

146 

i 243 

, 27.9 

14.7 

9.9 

2.77 

-57.8 

G. F. 

November 

25, 1940 

R 

45.9 

■ 

225 

384 

20.4 




-25.0 



L 

40.2 

m 

208 

355 

19.3 


i 


— 30.8 

C.B. 

December 

29, 1939 

R 

52.9 



381 1 

23.5 




-25.0 




L 

50.2 

■fifl 


348 1 

24.5 

i 




— 31.6 

R. B. 1 

January 

22, 1940 

R 

51.4 

123 


348}: 

25.0 

i 



-31.6 



L 

51.9 

123 


348 1 

25.3 




— 31.6 

S. R. 

May 

o 

VO 

►I* 

o 

R 

58.2 


187 

328 

32.1 




-37.6 



L 

55.6 


173 

304 

31.1 

• 



—42.3 

J.C. 

January 

15, 1940 

R 

45.6 

114 


322 1 

24.0 




-36.7 



L 

40.4 

104 


294 J 

23.3 




—42.3 

S, K. 

October 

7, 1940 

R 

46.3 


164 

280 

28.4 




-52.3 




L 

53.3 


194 

332 

27.5 




—43.6 


NORMAL SUBJECTS 


E. H. 

November 20, 1939 

R 


205 


610§ 





4* 7.5 




L 


; 221 

I 

658§ 





4- l5.8 

S. P. 

February 

26, 1940 

R 

60 

162 


509 § 

21.0 




-14.9 


l 


L 

70 

194 


610§ 

20.5 




-f 1.8 

D. P. 

March 

4, 1940 

R 

57.6 

173 


503 § 

18.9 




- 9.2 




L 

64.9 

189 


554§ 

19.5 




— 0.9 

C.J. 

March 

20, 1940 

R 

55.2 

183 

297 

457 

18.6 




-11.3 




L 

51.8 

178 

281 

433 

18.4 




— 16.1 

W.J. 

March 

25, 1940 

R 

75 

237 

366 

631 

20.5 

31 

11.8 

2.42 

+ 9.5 




L 

67.8 

234 

360 

621 

18.8 

30.3 

11.9 

2.24 

+ 7.6 


Varmticn from one-half the mean value for effective plasma flow in normal men and women. 

T Uncertain plasma inulin. % C P rICd assumed as 0.60. § Cpr/Cd assumed as 0.57 


pyelograms were made, the results of which will be re- 
ported at another time. Blood pressure and body tem- 
perature were also determined at the time of examination. 

b ten instances out of forty-five a reaction followed 
cat eterization, consisting of fever, costovertebral pain, 
ematuria and dysuria. These symptoms persisted for 
about twenty-four hours. 

4. Filtration rate , effective blood flow and 
tubular excretory mass 

The date, obtained on five normal subjects 
s with the unilateral clearance technique 


are given in Table I. The combined right and 
left renal blood flow, filtration rate and diodrast 
Tin ( Tvid ) measurements obtained in this group 
agree satisfactorily with those obtained in thirty- 
five normal subjects observed using the bilateral 
technique (2). Function is fairly equally divided 
between the two kidneys. 

The data obtained on twenty-one patients 
with hypertension are given in Table I. TniD 
was measured in only fifteen subjects, and the 
data on the remaining six patients have not been 
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Fig. 3. Inulin/Diodrast Clearance Ratio (Filtration Fraction) in the Separate Kidneys of Hypertensive 
Subjects, Related to Effective Renal Plasma Flow Per Unit of Tubular Excretory Mass 

Statistical background as in Figure 5 of preceding paper (3). 


with respect to Cd , Tvio and Cry/TniD- In the 
six hypertensive subjects in whom only Cry and 
Cd were measured, the two kidneys shared 
equally in a marked decrease in Cd and a more 
moderate decrease in Cry, CrsICo being invari- 
ably above the mean normal value. Although 
one cannot interpret the data in these six sub- 
jects with the same confidence as in the group 


in which TniD was measured, the fact that Cd 
and Cin were reduced equally in the two kidneys 
indicates that in these subjects also unilateral 
renal ischemia is not present. 

CONCLUSION 

The clearance method has been applied to the 
measurement of the renal blood flow, the filtra- 
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tion rate and the tubular excretory mass in 
the separate kidneys of patients with essential 
hypertension. The results of these observations 
indicate that the destruction of tubular tissue 
progresses equally on the two sides in hyperten- 
sive disease and that the functional disturbance 
in respect to blood flow and filtration rate is 
shared equally by the two kidneys. 

In no instance in the twenty-one hypertensive 
subjects picked at random is there any indication 
of a unilateral ischemic kidney. If it is predi- 
cated that renal ischemia is the primary causal 
factor in all essential hypertension, it would be 
expected that unilateral impairment of renal 
function would be observed more frequently than 


bilateral impairment. The absence of unilateral 
impairment in these subjects argues against the 
above premise. 
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' fl a B The cases ui Uinical influenza for 
Investigations in recent years have demo. no etiology can be estabV 11 ^ appropriate 
hat clinical influenza may be cause 5 designated influenza X. Several undis 

;wo serologically specific filtrable viruses ( o )• ^ virus agents may be included in this group: 

It is probable that other etiologic agents vrm o ^ knowledge that influenza comprises a group 
discovered. The clinical characteristics o m u clinically similar diseases caused by several se- 

enza caused by different agents are exceedingly distinct viruses is 0 f epidemiological 

uniform and no accurate method of distinguishing especialIy w hen the problem of pre- 

them by clinical means has been found ( o )■ n ^ on vaccination is considered. It seems 
The etiologic diagnosis of influenza must at - n0 rtant to study carefully epidemics of influ- 
ent rest upon discovery’ of the virus responsi e \ W p e 0 f developing means of early 

in the throat washings from ill patients or upon erentlation of types and of establishing the 
detection of a rise of specific antibodies m cause 0 f each epidemic either by isolation of the 

blood during convalescence. Antibody stu ies y serological tests. We present observations 

means of complement fixation or neutra iza ion during an epidemic of influenza A which 

tests have been found reliable in indicating intec- d {n San Franc isco in November and De- 

tion with the known viruses (11, 13, 14)* n ^ ce mber 1940 and January 1941. The clinical fea- 
basis of etiology, a classification of influenza has ^ ^ digease and the resu lt s of prophylactic 

been suggested (11, 12). Influenza A wi in » { nocu l a tion against influenza A are desen e . 
cate the disease caused by the virus iso a e The results were controlled by antibody s u ies on 

Smith, Andrewes and Laidlaw in 1933, su se man y individuals, 
quently termed human influenza virus, epidemic 
influenza virus and now influenza virus A. me 


influenza virus and now innocu« — 

1933 many strains of this virus have been oun 
in association with widespread outbreaks ° in u 
enza in many parts of the world which have oc 
curred at intervals of about two years ( *° * 

In 1940, Francis (3, 6) and Magill (4, 5) isolated 
a virus which was antigenically dissimi at rorn 
virus A and proved it to be the cause of outbreaks 
of influenza in the United States in that year. . n 
fiuenza B indicates the disease caused by t 1S _^ U . S- 
Francis has shown that the epidemic of in 

California and elsewhere in the United States v 

^^This study was aided by a grant from ^ ^ r * * 
Breon Fund for Medical Research, University 
.Somia Medical School. _ • _ 

2 Operated with the support and under the ^ usp 
the International Health Division of the Rod 
Foundation. 


method 


Blood specimens were taken during the acute stage and 
again two to three weeks later from /0 patients with 
clinical influenza who were admitted to the University 
o Sfomia Hospital. Complement fixation tests against 
influenza A were done on all specimens and neutralization 
efts on most of them. Neutralization tests with mfluenza 
B were made on the serums of all patients whose spec.- 
- .* < f a rise in antibodies to influenza A. 

Th^methods used have been described in detail elsewhere 
,,, 14 !g) One thousand minimal lethal doses were 

5 = 

SmtT Department of Public Health. The appearance ol 
antibodies to influenza A was considered demonstrated if 
iLent fixation or neutralization titers, or both, 
stowed a definite increase between acute and convalescent 
• ; Patients whose blood showed this increase 

rXedtfS positive for influenza Aand it is as- 
sumed that they had influenza A. The majority showed 
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TABLE I 

Dntn ° J h > u ' eeh of influenza in palm 
on u ’ !:nm onhiwdy studies were done 


Wrefc* 


I'm. 


November 23 to 
November AO ft% D 
D^irrrA^r 7 tn M, t 

Derrm W 1 4 to 20 *// ] 

Heccml^r 21 to 27 * ‘ ’ * ' * * * * 

Decrinlicr 2« to Jan-Ary 't.' too’. 

Total 

Per cent . . . , , * * * ' 4 * ' * ’ ‘ * 4 f ‘ * " ‘ ‘ 


a four-fold or greater increase in tiler by cither or by 
both tests. Four patients had a two-fold rise by comple- 
ment fixation test and one of these had a two-fold rise 
by neutralization test. These patients arc included in 
the group positive for influenza A. A complete analysis 
of the antibody studies is reserved for a separate report 

V**V* 

The inoculation experiments were carried out with the 
complex vaccine of Horsfall and Lcnncttc which was 
supplied through the courtesy of Dr. F. L. Horsfall, Jr. 
of the International Health Division of the Rockefeller 
Foumtaon («, 17, 18), It was prepare! fre.pt chick 

vSses VlS°) t! 7 l ’. M ” n2a A ^ ra "« -'tamper 

L Z 8) ' The dessicat «I material was rehvdrntcd l»v 
adding 55 cc. of sterile distilled water ,o 25 cc of ied 
vaccine immediately before inoculation. Inocua ions 
were made by injecting 1 cc . of thc rcs „„. 

fate y ' A Si " e ' C iniCCli0 ” Cm l’ l °S' d in every 

epidemiology 

uIhLh\°Z S r d vf C .° nS ‘ StS of thc Population of thc 
cisco Ti - f F ahf0rma Medical Center in San Fran- 

-dentf^tbtTS ££^£7 "* Z ^ 

ices. ItrqS^LS Van ° US sen- 

at the Medical Center l a pCrs .° ns who s P en(I f «H time 
individuals ' ^ C ° nSIStS of * total of 1213 

temberTs" IsSFZf *“ ^ on Sep- 

about October lb, W^In N epide ™ ,c proportions on 
«?onth after its abearance in vTZ ™’ 3 Htt,C a 
disease occurred in San Francisco Ti ° f UlC SnmC 
admitted to the University of r r ^ Paticnt was 
November 23. From this date S*? 0 ™* Hos ^ } on 
individuals of the Medical rJ * JanUary 4 - 19 ^ 271 

? « ^8 aits £: z p „r uon ° f ,213 ' * 

duration. This incidence was See l- a f m ° rC dnys ’ 
the various departments The ‘ ^ by canvass of 

IS complicated by the difficult rprctatl °n of this figure 

r ej — i td t Tzs^ ' nco “ n,crcd ” • 

measures. Incidence is consider^ ° f pro P h ylactic 

section on vaccination. d m more detai ^ in the - 

versiK ht> r°^ H 16 271 pati ents were admiff a twelve hours beginning one hou 

st dt'4 0f tl,eso individua,s " ad a 

staff members, 14 dental - a students, 12 physician ' 

and 3 secretai-iAc . J , a! . studen ts ; « -«• P }S,Cian 


KERR 


Total number 
of patients 

Inoculate 

patlectj 

Posi- 

tive 

, f^ r 
influ- 
enza 

A 

Nega- 
tive 
for 
influ- 
enza A 
and B 

Posi- 

tive 

for 

influ- 

enza 

A 

Kes- 

tire 

fcr 

esn A 
atdS 

13 

2 

0 

0 

23 

2 

7* Id s 

V 

7 

5 

2».« 

3>tn 

K 

3 

1« 


\ 

3 

0 

jus 

\ 

2 

1» 


53 

17 


9 

75 

25 

U 1 



kksults of inoculation with vaccine 

A total of 27o individuals of the Medical Center 
population was inoculated with the complex vac- 
cine of Horsfall and Lennette. The injection; 
weic made on November 26 and 2S and Decem^i 
The epidemic was in progress a few daj ' 
foie the first inoculations were carried out. 


, few dajs ifr 

uiueuiauons were carried out. 

No significant reactions occurred following® - 
jection. Tenderness over the injected site, whieft 
persisted three to four days without redness® 
swelling, was a common experience. A few®®' 
victuals had slight redness and swelling of the at® 
for twenty-four hours. One individual had g®' 
eralized urticaria three days after injection d 
another had mild urticaria seven days afterwards 
One experienced an erythematous eruption 
swelling of hands, feet, and lips on the fifth <!-)• 
Another suffered from rhinitis and sneezing ^ 
twelve hours beginning one hour after inocu^ 
hJnno nf i_ hlStOty of 


pnri ^ uentai student c * *«vwcian 

i 1 j Kcr ««i« and hy 8 i„”, s n t „ Pl ’ arm “7 students 
hi A an,ib " di « totadii ° f tb f. ^0 were stud- 

- * A 0K ”' red ™ November 23 ®e of 

peak incito !9 !°' and «» last 
> DeceJrf 0 “" rr ' d in the 


ta s ,i”i A f per cent as ascertained by’ biW- «! 
week S%j i5 , 41 ‘ Fhe peak incidence abd dle ,ast caaes developed among 273 inoculated pet' ‘I 
tta )£tSTL? 10 De ~ SST? U " incid ““ of 13 per cent. The 

— - v,hom antibody stud,Vc “ f 011set 

w Thi«; — ?_ 'were done. 


The incidence of influenza in vaccinate ^ 
control groups was compared (Table fl)* _ 
file disease resembling influenza occurred $ ^ 
of the 940 control subjects, an incid®c e ® 
Per cent as ascertained by history. ^ Z 

‘ ' 273 inoculated 


. T , . — • 

ePidemic wb studied by 


one of us (M. D. E.). 


“•uucuce oi per cent. The hOsp‘“» 
consisting of nurses, house physicians and ^ 
laboratory personnel, was constantly tlfi 
vation so that the information obtained 2 ^ 
smaller group is reliable. It consisted » 
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TABLE 11 

Clinical influenza. Incidence and results 
of prophylactic inoculation 


Groups 

Total 

Not Inoculated 

Inoculated 

k 

§. 

Influenza 

Per cent 

Number 

c 

<J 

c 

c 

Per cent 

Service group* 

416 

383 

113 

29.5 

1 33 

6 

18.1 

Student group} 

463 

368 

40 

10.8 

! 95 

9 

9.4 

Hospital stall group} . . 

334 

189 

82 

43.4 

1145 

21 

14.5 

Total population 

1213 | 

940 1 

235 

25.0 

1273 

36 

13.0 

i 


* Includes members of service units, such as secretaries, 
technicians, librarians; and maintenance units, such as 
janitors. 

f Includes medical, dental and pharmacy students. 

t Includes nursing students and staff, house physicians 
and staffs of medical laboratories. 

dividuals. Of 189 controls, 82, or 43 per cent, 
developed the disease. The incidence of influenza 
shown in Table II was much higher in the hospital 
control group than in the general control group, 
either because of better observation or because 
of greater exposure. The unvaccinated student 
group could be observed only if the individual 
members reported illness to the student infirmary. 
The Christmas holiday began during the decline in 
incidence of cases of influenza and the students 
left the institution during this period. Conse- 
quently, the incidence presented for the student 
group is inaccurate. The only figures in the sur- 
vey subject to a significant error are those relative 
to the incidence among the general campus popu- 
lation, especially in the student group, who were 
not inoculated ; all inoculated persons and the hos- 
pital staff group were observed. The general inci- 
dence of influenza at the Medical Center must 
have been higher than 25 per cent. Therefore, 
the difference in incidence between vaccinated and 
control groups is probably greater than that pre- 
sented for the total population and may be more 
accurately represented by the experience of the 
hospital staff group. 

Antibody studies were made on acute and con- 
valescent blood specimens from patients of both 
groups. Fifty control and 20 vaccinated subjects 
V’ho had influenza were studied. Forty-two (84 
per cent) of the controls and 11 (55 per cent) of 
those inoculated showed significant rises in anti- 
bodies to influenza A and were considered positive 


for influenza A (Table III). This further re- 
duces the incidence of influenza A in the vac- 
cinated group as compared to the controls. 

Since influenza A appeared before vaccination 
was carried out, the days of onset must be com- 
pared in order to evaluate the effect of vaccination. 
Only established cases of influenza A will be con- 
sidered. Table I shows the general incidence by 
weeks and indicates both control and vaccinated 
subjects. The number of days after inoculation 
when influenza A occurred in vaccinated persons 
are demonstrated in Table I by superscripts. 

Of those inoculated who subsequently had in- 
fluenza, only 4 were shown to have acquired in- 
fluenza A more than ten days after inoculation. 
In 2 of these the disease developed twenty-three 
and thirty-nine days, respectively, and each devel- 


TABLE III 

Results of antibody studies on control and inoculated cases 
of clinical influenza 


Group 

Number of 
patients 
studied 

Positive for 
influenza A 

Per cent 
positive 

Control 

50 

42 

84 

Inoculated 

20 

11 

55 

Total 

70 

53 

[ 75 


oped significant increases in titer of both comple- 
ment fixing and neutralizing antibodies during the 
disease. These 2 cases show clearly that vaccina- 
tion did not afford certain protection. Table I 
shows that the incidence of influenza A in the epi- 
demic reached its peak during the ten days after 
vaccination and then rapidly subsided in the popu- 
lation as a whole during the time when vaccination 
might be expected to become effective. It is un- 
fortunate that the experiment was not begun 
sooner. However, the difference in incidence of 
influenza A in the vaccinated as compared to the 
control group is striking and may be due to a pro- 
tective effect of vaccination which began sooner 
after inoculation than is usually considered likely. 

CLINICAL FEATURES 

The clinical characteristics described are based 
on the observation of patients in the hospital who 
were subsequently shown to have suffered from 
either influenza A, or neither influenza A nor B, as 
established by antibody studies. As indicated be- 



666 


J. W. BROWN, M. D. EAT ON, G. MEIKLE JOHN, J. B. LAGEN, AND W. J. KERR 


fore, this group consisted of 70 persons, 53 of 
whom had influenza A and 17 neither influenza A 
nor B. Of these, 20 had been previously vac- 
cinated and the characteristics of influenza A in 
them are also considered. Table IV summarizes 
the incidence of various symptoms. Table V in- 


TABLE IV 

Frequency of symptoms in patients with influenza 
of known and unknown etiology 




Influenza A 


Neither 

influenza 

A nor B 

Symptoms 

Con- 

trols 

Vacci- 

nated 

Total 

Per 

cent 

Vacci- 

nated 

and 

con- 

trols 

1 

Per 

cent 

Chills or chilliness 

26 

3 

29 

56.6 

6 

35.2 

Headache 

29 

8 

37 

69.8 

.14 

82.3 

Body pains 

37 

9 

46 

86.7 

16 

94.1 

Cough 

31 

8 

39 

73.5 

5 

29.4 

Nasal congestion 

17 

4 

21 

39.6 

5 

29.4 

Sore throat 

18 

7 

25 

47.1 

8 

47.0 

Hoarseness 

3 

2 

5 

9.4 

2 

11.7 

Lacrimation 

4 

2 

6 

11.3 

9 

11.7 

Photophobia 

3 

i 

4 

7.5 

0 

0 

Earache 

3 j 

0 

3 

5.6 

0 

0 

Dizziness 

i ! 

0 

1 

1.8 

0 

0 

Nausea 

5 

i | 

6 

11.3 

5 

29.4 

Vomiting 

4 

l 

5 

9.4 

4 

23.5 

Abdominal pain 

3 

0 

3 

5.6 

2 

11.7 

Diarrhea . , 

0 

2 

2 

3.7 

2 

11.7 

Total cases 

42 

11 

53 

17 


dicates the duration of fever, maximum tempera- 
ture and maximum leukocyte counts, respectively, 
in the three groups. Influenza A in this epidemic 
was explosive in onset and severe during the 
height of the fever. Convalescence was rapid in 
most cases. A comparison of the symptoms ex- 
perienced by patients with influenza A and by 
those with influenza of unknown etiology fails to 
reveal a significant difference (Table IV). Cough 
was more often present in patients with influenza 
A. In both groups general symptoms and symp- 
toms of upper respirator}' tract inflammation were 
predominant. In no case was the nasal congestion 
mentioned in the table suggestive of coryza. Sore 
throat was usually accompanied by a prominence 
of lymphoid follicles on the pharyngeal wall but 
not by a diffuse inflammation. Earache, when it 
occurred, was due to myringitis rather than to 
otitis media. 

The duration of fever did not differ significantly 
in the two types of influenza (Table V). Ninety 


per cent of the patients with influenza A had a 
febrile period of two to five days, and 68.5 per 
cent had a febrile period of three to four days. 
Those with influenza of unknown etiology suf- 
fered fever for from one to five days in 93.6 per 
cent and for three to four days in 50 per cent. 
The table indicates that patients with influenza A 
had significantly higher maximum temperatures 

table v 

Duration of fever , maximum temperature and maximum 
leukocyte count in patients with influenza of known 
and unknown etiology 


Influenza A 

1 

Neither 

influenza 

A nor B 

Con- 

trols 

Vacci- 

nated 

Total 

! 

Per 

cent 

Vacci- 

nated 

and 

con- 

trols 

Per 

cent 


DURATION OF FEVER 


days 

1 

| 

j 

0 j 

0 

0 

0 

1 

6.2 

2 

1 1 

0 i 

1 

1.9 

3 

18.7 

3 

ii 

3 j 

14 

27.4 

4 

25.0 

4 

17 

4 j 

21 

41.1 

4 

25.0 

5 

8 

2 i 

10 ! 

19.6 

3 

18.7 

6 

1 

0 

1 

1.9 I 

1 

6.2 

7 j 

2 

0 

2 i 

3.9 

0 

0 

9 1 

o I 

1* 

1* 

1.9 

0 

! 0 

12 

It 

0 

It 

1.9 

1 0 

I 0 

Total cases 

41 

10 

i 

51 


16 



MAXIMUM TEMPERATURE 


degrees Centigrade 

37.0-37.5 

i 

1 

1 

1 

1.9 

4 

26.6 

37.5-38.0 

3 

— 

3 

5.8 

6 

40.0 

38.0-38.5 

12 

— 

12 

23.5 

1 

6.6 

38.5-39.0 

20 

7 

27 

52.9 

2 

13.3 

39.0-39.5 

5 

2 

7 

13.7 

1 

6.6 

39.5-40.0 

1 


1 

1.9 

1 

6.6 

Total cases 

41 

10 

51 


15 , 



MAXIMUM LEUKOCYTE COUNT 


thousands per 
cubic miilimeler 

0-5 

9 1 

j 

2 

i 

11 

22.6 

4 

33.3 

5-7 

15 

5 

20 

40.8 

4 

33.3 

7-10 

10 j 

i i 

11 i 

22.6 

i , 

8.3 

10-15 

3 1 

2 ! 

5 

10.2 

i 1 

8.3 

15-20 

If 

1* 

2 

4.0 , 

2 

16.6 

Total cases 

38 

11 

49 


12 

l 


* Complicated by pneumococcus Type IV lobar pneu- 
monia. 

f Complicated by atypical pneumonia. 
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than those with influenza of unknown etiology. 
The maximum leukocyte counts as tabulated show 
little difference between the groups. Maximum 
counts were below 7, (XX) per cubic millimeter in 
63.4 per cent and below 10*000 per cubic milli- 
meter in 86 per cent of the cases of influenza A. 
Pulmonary complications occurred in 2 patients, 
both of whom were shown to have had influenza 
A. Pneumococcus Type IV lobar pneumonia de- 
veloped in a 20-year-old student nurse after four 
days of fever with clinical and serological evidence 
of influenza A beginning December 19. Blood 
culture was negative. The patient recovered dur- 
ing sulfathiazole therapy. She had been inoculated 
with vaccine twenty-three da}’s prior to onset of 
influenza A. At the onset of pneumonia, her leu- 
kocyte count increased from 5,600 to 20,000 per 
cubic millimeter. The second patient was a 27- 
year-old dental student who had evidence of atypi- 
cal pneumonia in both lung bases on the fourth 
day of fever in the course of influenza A which 
bad begun on December 6. He experienced a 
total febrile period of twelve days. The leukocyte 
count rose from 6,100 to 11,000 per cubic milli- 
meter on the seventh day, to 16,470 per cubic milli- 
meter on the tenth day. No causative organism 
was discovered in sputum or blood and no effect 
on the course was observed during the exhibition 
of sulfathiazole. It is probable that this patient 
had atypical pneumonia of virus etiology, possibly 
due to the virus of influenza A. He also made 
an uneventful recovery. He had not been inocu- 
lated with vaccine. 

The characteristics of influenza A observed 
during this epidemic were similar to those in epi- 
demics previously described (7, 8, 25). The dis- 
ease was of moderate severity, the incidence of 
pulmonary complications was low, and no deaths 
occurred. We did not find it possible to distin- 
guish clinically between influenza A and influenza 
°f unknown etiology which occurred during the 
same epidemic. There was no evidence that the 
disease was modified in persons who had previ- 
ously received a prophylactic inoculation. Sub- 
clinical infection may have influenced the results 
°f antibody studies. This was not determined. 

DISCUSSION 

# Smce influenza of known etiology has been di- 
vided into two types, A and B, each caused by a 


different virus agent, much of the confusion con- 
cerning the epidemiology of the group of diseases 
called influenza has been dispelled. That all cases 
of influenza are not caused by known agents seems 
clear. Influenza X may represent a variety of 
agents of virus or possibly other nature. In the 
group reported, a high proportion of cases were 
influenza A. Nevertheless, a definite proportion 
of cases appeared simultaneously on which tests 
failed to reveal evidence of infection with either 
virus A or B. An analysis of these cases failed 
to reveal an accurate clinical method of differenti- 
ation. All were clinical influenza, appearing and 
disappearing at the same time. Therefore, influ- 
enza A and a febrile respiratory disease of un- 
known etiology occurred together in this epidemic. 
Influenza B was not discovered. 

Since the discovery of the virus etiology of one 
form of influenza (1), studies on the effectiveness 
of vaccination with active and inactive virus have 
been made in animals and humans (19 to 30). 
The parenteral inoculations of both active and in- 
active material by either single or multiple injec- 
tions have been made by the intraperitoneal, intra- 
muscular, subcutaneous and intradermal routes. 
In ferrets, mice and humans, rises in antibodies 
have been induced by vaccination. In ferrets and 
mice relative immunity has developed to subse- 
quent infection which is to a great extent strain- 
specific and which persists three to four months 
(16, 17, 19, 22, 27). Several experiments have 
been carried out in which human volunteers were 
inoculated subcutaneously or intramuscularly with 
active or inactive virus suspensions and subse- 
quently observed during an epidemic of influenza 
A (23 to 25, 28 to 30). None of these experi- 
ments has resulted in conclusive proof of the ef- 
fectiveness of vaccination of human beings against 
influenza A. In all of them evaluation has been 
made difficult by various factors, such as a low at- 
tack rate in controls, too early appearance of the 
epidemic after vaccination, small number of sub- 
jects involved, or paucity of tests on throat wash- 
ings or blood specimens. In two studies (24, 25), 
virus was obtained from patients who had been 
previously vaccinated. Recent inoculation ex- 
periments with the complex vaccine of Horsfall 
and Lennette have given some evidence that a pro- 
tective effect against influenza A was obtained 
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(30). In another study in California during the 
recent epidemic of influenza A, .the formalin- 
inactivated complex vaccine and a living vaccine 
of influenza A virus appeared to give comparable 
results. The results were suggestive of a protec- 
tive effect against influenza A after inoculation 
with either preparation at one institution but were 
questionable at another (29). 

The observations we present are also difficult to 
evaluate and do not give conclusive evidence of 
protection against influenza A by vaccination. 
This was due to the presence of cases of influenza 
A in the community before inoculations were be- 
gun and to the fact that the peak incidence was 
reached within ten days after inoculation of most 
individuals. Furthermore, two vaccinated indi- 
viduals acquired influenza A twenty-three and 
thirty-nine days, respectively, after inoculation. 
However, the incidence of influenza in vaccinated 
individuals was markedly less than in the controls. 
In addition, the disease which occurred in vac- 
cinated persons was proved to be influenza A by 
antibody studies in a much smaller percentage of 
those inoculated than among the control group. 
The definite difference in incidence of disease be- 
tween inoculated persons and controls is difficult 
to explain unless we assume that some protection 
was afforded by the vaccine. If this occurred, 
the vaccine must have produced an immunity ear- 
lier after inoculation than is usually considered 
possible and at a time when measurable protective 
antibodies are absent or just beginning to rise in 
the blood. The factors of age, nutrition and pre- 
vious exposure to influenza’ A may be of signifi- 
cance in determining the speed with which anti- 
body formation occurs and protection develops. 
These factors may also explain differences in re- 
sults of vaccination of different groups with the 
same vaccine. The other alternative in the pres- 
ent study is to consider that the inoculated group 
escaped infection by chance, which is, however, 
statistically unlikely. 

SUMMARY 

1. Clinical and epidemiological observations 
made during an epidemic of influenza A are 
presented. 

2. Antibody studies indicated that influenza A 
... . was the causative agent in 75 per cent of the cases. 


There was no evidence of the presence of influ- 
enza B. 

3. Subcutaneous inoculation of 273 of a total 
of 1213 individuals was performed with a mixed 
influenza A — distemper vaccine. A marked re- 
duction in incidence of influenza A occurred in the 
vaccinated group as compared to the controls. 
The incidence of influenza in the control groups 
was between 25 and 43 per cent as compared to 
13 to 15 per cent in those inoculated. These ob- 
servations suggest that a measure of protection 
was afforded by vaccination but do not permit the 
conclusion that efficient protection resulted. 
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Failure of the circulation in acute infectious dis- 
eases produces a clinical picture that resembles in 
many ways that seen in hemorrhage, traumatic 
shock, or nitrite collapse. The patients show nar- 
rowing of the field of consciousness, pallor, sweat- 
ing, cold extremities, rapid feeble pulse, collapsed 
veins, and low arterial pressure. The failure of\ 
the circulation in hemorrhage and traumatic shock 
has been shown to be caused by a diminished blood 
volume. Transfusion of blood or plasma, there- 
fore, restores the circulation. In collapse which 
occurs in subjects in the upright position after the 
ingestion of sodium nitrite, circulatory failure is 
caused by pooling of blood in dilated veins and 
venules in the lower part of the body. Hence, re- 
turning the subject to the horizontal position re- ’ 
stores the circulation. The purpose of this paper' 
is to describe the changes in the circulation which 
occur in the so-called ^^fnedical shock ” produced 
by certain acute infections, and to determine 
whether a diminished Jriood volume or venous 
pooling is the primary factor in the production of 
Ibis type of circulatory failure. 


METHOD 

Before concluding that a diminished blood volume is 
of primary importance in jiroducing a given type of circu- 
latory failure, it is necessary to demonstrate (u) that the 
blood volume is decreased, and ( b ) that the circulatory 
failure will not occur if the decrease in blood volume is 
prevented. In previous experiments on an unselected 
group of dying patients with terminal circulatory failure, 
s decrease in plasma volume was frequently found (1). 

rom this data alone it was not possible to determine 
•whether the change in plasma volume was really a sig- 
nificant factor in the circulatory failure, or whether it 
was merely an incidental finding secondary to the disease 
process itself, or to an inadequate fluid intake or to mal- 
nutrition. In the present study, therefore, more emphasis 
nas been placed on the response of the circulation to trans- 
usion than on the measurement of the plasma volume. 
. Undying the response of the circulation to transfusion, 
U was essential to demonstrate that the volume of blood 
^d been increased effectively, and that fluid had not left 
1 e blood stream as fast as it was given. This was done 


in two ways: (I) by following the hematocrit reading, 
the serum protein concentration, and the plasma volume, 
and (2) by administering fluid until the pressure was in- 
creased in the large veins. The plasma volume was de- 
termined by the method of Gibson and Evans (2), as 
adapted to the photoelectric colorimeter (3). A 1.6 per 
cent solution of potassium oxalate was used for the he- 
matocrit determinations. The serum protein determina- 
tions were performed by the falling drop method of 
Kagan (4). The hemoglobin concentration was meas- 
ured with the photoelectric colorimeter (5) or by the 
method of Sahli. Venous pressure measurements were 
made by the method of Moritz and von Tabora (6). The 
femoral or external jugular veins were used in most cases, 
as it is difficult to obtain an accurate venous pressure 
measurement from the arm veins when there is marked 
peripheral vasoconstriction. Arterial pressures were de- 
termined by the use of a mercury manometer and auscul- 
tation or palpation. 


OBSERVATIONS 

Eight cases of circulatory failure in acute infec- 
tious diseases were studied (Table I). There 
were 6 cases of pneumococcus pneumonia, one case 
of hemolytic streptococcus septicemia complicating 
a urethral stricture and chronic pyelonephritis, and 
one case of staphylococcus septicemia. Six of the 
8 cases had a bacteremia. All the patients studied 
presented a similar clinical picture. They were 
stuporous or comatose. The rectal temperatures 
ranged from 97° to 106.4° F. The skin was pale 
and often covered with perspiration. The ex- 
tremities were cold, and this finding usually pre- 
ceded the fall in arterial pressure. The skin of 
the body was usually warm, although in the ter- 
minal stages it too became cool. The radial pulse 
was feeble or impalpable. The pulsations in the 
femoral artery were more prominent than those in 
the radial artery. In the patients with pneumonia 
the respirations were usually rapid and deep, and 
tracheal rales were often present The respira- 
tions were normal in Case 7 who had hemolytic 
streptococcus septicemia. 

In all the cases included in the study, there was 
a fall in arterial pressure. The systolic and dias- 
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tolic pressures both decreased and the pulse pres- 
sure became narrower. The fall in arterial pres- 
sure was often marked in degree, and in some 
cases the arterial pressure could not be obtained 
either by auscultation or palpation in the later 
stages of the circulatory failure. The pulse rate, 
was rapid. Two cases developed auricular fibrik 
Iation during the period of circulatory failure. * 
The venous pressure was determined before the 
administration of blood or plasma in 5 cases. The 
values ranged from 0 to S cm. of water. Thus 
the venous pressure was not elevated in any of 
these cases. Electrocardiograms were normal in 5 
cases, and showed auricular fibrillation in 2 cases. 

Marked hemoconcentration was not present in 
any of the cases studied. The hematocrit read- 
ings before the administration of blood or plasma 
ranged from 26.5 to 52.1, and the serum protein 
concentrations ranged from 5.8 to 7.4 grams per 
100 cc. /Plasma volume determinations were made 
jn all cases and showed no significant variation 
-from th e normal. In the 6 cases in which no 
significant anemia was present, the plasma volume 
determined before the administration of blood or 
plasma averaged 0.3 per cent above the normal 
value for the patient’s height, as given by Gibson 
and Evans (2). The values for the plasma vol- 
ume ranged from — 19 to -f- 22 per cent of the 
normal value for the height. In Case 2 the plasma 
volume determined before the onset of the circu- 
latory failure, when the blood pressure was 
110/75, did not differ significantly from the 
plasma volume determined when the patient had 
severe circulatory failure and the blood pressure 
could not be obtained. In Case 5, in whom tem- 
porary recovery occurred, and in Case 6 in whom 
permanent recovery occurred, there was no sig- 
nificant change in plasma volume after improve- 
ment of the circulation. 

The effect of change in posture on the arterial 
pressure was determined in 4 cases. The arterial 
pressure was determined in the horizontal position, 
m the Trendelenburg position with the foot of the 
bed raised 18 inches off the floor, and with the 
Patient sitting at an angle of 50 degrees. In Cases 
’ ® an( l 7, there was no difference in the arterial 
pressure in the different positions. In Case 4, the 
arterial pressure was 62/50 in the sitting position 
and 70/50 in the Trendelenburg position. 


The effect of transfusions of blood or plasma 
on the arterial pressure and clinical condition was 
determined in 6 cases. Four patients (Cases 1, 2, 
7, and 8) received 1000 to 1100 cc. of blood or 
plasma. One patient (Case 4) received 750 cc. of 
plasma, and another patient (Case 3) received 500 
cc. of plasma. In addition, several patients were 
given a solution of 10 per cent glucose in saline 
intravenously (Table I). In none of the patients 
was there any definite improvement immediately 
after 'the administration of the blood or plasma. 
Case 7 improved temporarily, but this improve- 
ment did not begin until several hours after the 
transfusion. The effect of transfusions on arte- 
rial pressure was slight. In 2 patients there was 
no change in arterial pressure after transfusion. 
In 3 patients there was a rise in systolic arterial 
pressure of 5 to 10 mm. of mercury. In one pa- 
tient the arterial pressure continued to fall during 
the transfusion. In 4 patients the venous pres- 
sures before and after transfusion were compared. 
An increase in venous pressure occurred in all 
subjects. The increase ranged from -3% to 8 cm. 
of water and averaged 7 cm. of water. In one 
patient (Case 2), the venous pressure was meas- 
ured only after transfusion. In this patient the 
venous pressure appeared clinically to be normal 
before transfusion. After transfusion, clinically 
it appeared elevated and measured 16% cm. of 
water. 

In the 3 patients receiving plasma (Cases 3, 4, 
and 8), there was a lowering of the hematocrit 
reading after the administration of the plasma, 
indicating that an increase in plasma volume had 
occurred. In 2 patients who received whole blood 
(Cases 2 and 7), plasma volume and hematocrit 
readings were determined after transfusion. In 
these cases there was a slight decrease in plasma 
volume and a moderate increase in hematocrit 
reading. In persons with an adequate circulation, 
similar changes occurred after transfusion. 

Two patients in the study (Cases 1 and 2) 
were given paredrinol sulphate intravenously. In 
both cases there was a striking rise in arterial 
pressure which lasted approximately 20 minutes. 
In these patients the radial pulse became stronger, 
but their general conditions appeared the same. 
In both cases injections of paredrinol sulphate, 
given shortly before death, had no effect. These 
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observations show that at a time when the circula- 
tion was not benefited by transfusion, it was still 
able to respond to an adequate stimulus. 

The ulnar nerve at the elbow was injected with 
novocain in Cases 2 and 8. At the time of injec- 
tion, the extremities were cold, the radial pulse was 
thready or impalpable, and the blood pressure had 
begun to fall. In each subject the ulnar side of 
the hand, the little and ring fingers became warmer 
than the other fingers of the same hand or than the 
fingers of the opposite hand. The difference in 
temperature was unmistakable and was confirmed 
by several observers who did not know that the 
ulnar nerve had been injected. 

DISCUSSION 

All the patients selected for study had circula- 
tory failure characterized not only by a marked 
fall in arterial pressure, but also by a decrease in 
peripheral blood flow as shown by pallor, cold 
extremities and collapsed veins. A fall in arterial 
pressure alone cannot be used as a criterion for 
selecting cases of circulatory failure, because in 
many instances a moderate decrease in arterial 
pressure may occur without any signs of circula- 
tory insufficiency; in rarer cases, even a striking 
fall in arterial pressure may not be accompanied 
by a great decrease in peripheral blood flow. It 
must also be remembered that in many patients 
dying of acute infection, the circulation is ade- 
quate but death results from other causes, such 
as respiratory failure or aspiration of vomitus. 

Failure of the circulation of the type described 
here is most commonly seen in overwhelming in- 
fection associated with bacteremia. It occurs 
most frequently in the older age groups or in 
persons who are poorly nourished because of 
chronic disease or inadequate intake of food. 

Patients with acute infection and circulatory 
failure of the type described here clinically re- 
semble in many ways cases of traumatic shock or 
hemorrhage. In both there are signs and symp- 
toms of diminished peripheral blood flow and tis- 
sue anoxia. For this reason it has been suggested 
that circulatory failure in acute infections, in trau- 
matic shock, and in hemorrhage, has the same 
etiology — namely, a diminished blood volume (7, 
8, and 9). Eppinger and Schurmcyer (7) stated 
that the circulating blood volume, as measured by 


the carbon monoxide method, is decreased in 
shock associated with acute infectious diseases. 
They attributed the circulatory failure to a de- 
creased venous return to the heart. Andrews and 
Harkins (9) weighed the lungs in patients dying 
of pneumonia, and suggested that the circulatory 
failure resulted from the loss of plasma into the 
lungs with a consequent decrease in plasma vol- 
ume. The data reported here indicate that the 
circulatory failure seen in acute infections differs 
in two essential ways from that of hemorrhage or 
traumatic shock; ( a ) laboratory studies do not 
show any evidence of a diminished blood volume 
or of hemoconcentration, and ( b ) transfusions are 
not an effective form of therapy. It must be re- 
membered that in the cases studied here, the fluid 
intake was maintained either by mouth or by the 
parenteral administration of fluid. Undoubtedly, 
in patients with diarrhea or vomiting who have 
not received sufficient parenteral fluid, dehydration 
and hemoconcentration may play an important 
part in producing circulatory insufficiency, and the 
administration of fluid will cause improvement. 
This paper is concerned with patients in whom 
circulatory failure has occurred in spite of an ade- 
quate fluid intake. 

It has been suggested that failure of the vaso- 
motor center is responsible for the circulatory fail- 
ure in acute infectious diseases (10). Investiga- 
tion in experimental animals has shown that the 
vasomotor center continues to function in circula- 
tory failure caused by hemorrhage and traumatic 
shock (11)., Porter (12) concluded from his in- 
vestigations in animals that the vasomotor center 
functions normally in acute infections. In the 
cases reported here, the development of cold ex- 
tremities in the presence of a high rectal tempera- 
ture and before a marked fall in arterial pressure 
had occurred indicates that there was a diminution 
in peripheral blood flow. That this decrease in 
blood flow was due in part to neurogenic vasocon- 
striction was demonstrated in Cases '2 and 8 by the 
fact that the ulnar side of the hand and the little 
finger became warmer after neurogenic impulses 
were removed by block of the ulnar nerve at the 
elbow. While these experiments show that vaso- 
constrictor impulses were reaching the vessels of 
the hand, they do not prove that the functions of 
the vasomotor center were necessarily normal. 
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It has been thought that the circulatory failure 
in acute infections may be the result of pooling of 
blood in dilated capillaries and veins, so that the 
venous return to the heart becomes inadequate 
(13, 14). This type of circulatory failure can be 
produced in the laboratory by motionless standing. 
Because of gravity, the blood accumulates in the 
dependent portions of the body, the venous return 
to the heart becomes inadequate, and the circula- 
tion fails. When the subject is placed in the hori- 
zontal or Trendelenburg position, blood flows back 
from the dilated capillaries and venules, the venous 
return to the heart becomes adequate, and the cir- 
culation rapidly returns to normal. In the cases 
studied here, the failure of the circulation to im- 
prove in the Trendelenburg position indicates that 
the circulatory failure was not the result of pool- 
ing of blood in capillaries and venules which could 
be drained towards the heart by elevation of the 
lower portion of the body. It might still be ar- 
gued that the blood was trapped in the smaller 
vessels and that even with the aid of gravity the 
blood could not reach the great veins, where grav- 
ity would be effective in increasing the venous re- 
turn to the heart. That this was not the case was 
s hown by transfusion of blood and plasma and 
by infusion of 10 per cent glucose in saline. Add- 
ing fluid to the vascular bed of sufficient amount 
to cause distension of the superficial veins and an 
average rise in pressure of 7 cm. of water in the 
femoral or external jugular veins did not cause 
the circulation to improve significantly. In these 
cases there was no question of trapping blood in 
the periphery. 

Although the data reported here indicate that 
peripheral pooling of blood is not the primary 
Rice anism in producing circulatory failure, there 
js considerable evidence that the tone of the small 

ood vessels is altered. Acute respiratory infec- 
l0ns are k n °wn to produce postural fainting, pre- 
suma ly through a loss of venous tone (15). 

wVi! ^ ° bservatio »s have been made in patients 
|o> P neumon ja (16). Other investigators (17, 
^ ' * Ve , stucbe d the tone of the small vessels of 
tc^ ^ P neurnonla by measuring the height 
ohrt 1IC venous P^ssure must be raised to 
: n Cr ^ te an f rea blanching produced by prick- 
that e *j* me P br * ne into the skin. They concluded 
C , t0ne the smab ves sels of the skin is 


In recent years, little emphasis has been placed 
on the heart as a factor in circulatory failure in 
acute infectious diseases because of the absence of \ 
the classical picture of congestive failure and be-/ 
cause of the ineffectiveness of digitalis therapy 
(19). Certain experiments^ on _ animals also 
served to draw attention away^from the heart. 
Romberg, Passler and others (10) demonstrated 
in rabbits with acute infections that the arterial 
pressure could be raised by pressure on the ab- 
domen or by the administration of saline solution 
intravenously. From this they concluded that the 
heart was functioning normally. Newburgh and 
Porter (20) found that the hearts of dogs with 
pneumonia would contract normally when removed 
from the body. The fact that in the patients re- 
ported here the addition of fluid to the vascular 
system caused an average rise in venous pressure 
of 7 cm. of water without causing significant im- 
provement in the circulation indicates that the 
heart was not functioning normally. None of the 
patients had an elevation of the systemic venous 
pressure before transfusion. In cases of pneu- 
monia it is difficult to evaluate pulmonary conges- 
tion but, in the patient with streptococcus septi- 
cemia (Case 7), the roentgenogram of the lung 
showed no evidence of congestion. The fact that 
auricular fibrillation developed in 2 cases also sug- 
gests that the infection had a deleterious effect on 
the myocardium. The absence of venous conges- 
tion, however, demonstrates that other factors 
must also play an important role in this type of 
circulatory failure. 

The data suggest that circulatory failure in 
acute infections is not produced by the failure of 
a single portion of the cardiovascular system, but 
the entire cardiovascular system appears to be 
damaged by the infection. It is unlikely that the 
lack of response to transfusions is due to perma- 
nent irreversible damage to the circulatory system 
secondary to the fall in arterial pressure. In Case 
7, there was no significant response to transfusions 
although, when the infection subsided, a period of 
temporary improvement occurred. In the other 
patients studied, the observations were made 
shortly after the fall in arterial pressure began. 
From the experimental data it is impossible to 
state the exact sequence of events in circulatory 
failure in acute infections. A working hypothesis 
which is in accord with observed facts is as fol- 
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lows: The cardiac output falls because of damage 
to cardiac function, and compensatory vasocon- 
striction occurs in the arterioles, The tone of the 
veins and venules is decreased, and therefore the 
venous pressure is not elevated. 

The only effective form of therapy in these cases 
has been that directed toward controlling the in- 
fection. In Case 7 in whom the infection sub- 
sided spontaneously, a period of temporary im- 
provement occurred. In Case 6, in whom the in- 
fection was combated with sulfathiazole and large 
doses of antipneumococcal serum, the signs of 
circulatory failure disappeared. The same was 
true of Case 5, although this patient later died of 
a cerebral thrombosis which probably developed 
during the period of circulatory failure. Efforts 
directed towards the treatment of circulatory fail- 
ure itself resulted in no significant improvement. 

SUMMARY AND CONCLUSIONS 

1. Eight patients with circulatory failure pro- 
duced by acute infection were studied. There 
were 5 cases of lobar pneumonia, 4 of which had 
bacteremia. There was 1 case of streptococcal 
septicemia, 1 of staphylococcal septicemia, and 1 
of bronchopneumonia without bacteremia. The 
circulatory failure was characterized by a decrease 
in peripheral blood flow and a fall in arterial 
pressure. 

2. Measurements of the hematocrit level, the 
serum protein concentration, and the plasma vol- 
ume, showed no evidence of significant hemocon- 
centration or of a diminished blood volume. 

3. The venous pressure determined before 
transfusion was normal. 

4. Elevating the foot of the bed did not im- 
prove the circulation. 

5. Transfusions of whole blood, or plasma, or 
the infusion of 10 per cent glucose in saline until 
the venous pressure rose, did not produce any 
improvement in the circulation. 

6. Blocking the ulnar nerve caused the ulnar 
side of the hand and the 4th and 5th fingers to 
become warmer than the other fingers. This 
showed that the vasoconstriction in the hand was 
neurogenic in origin. 

7. The circulator}’ failure in these cases does not 
have the same mechanism as that of hemorrhage 
or traumatic shock, because the plasma volume is 
not decreased and transfusions are not beneficial. 


It is not caused by venous pooling, because filling 
the venous system does not improve the circulation. 

8. The entire cardiovascular system appears to 
be damaged by the infection. The absence of con- 
gestion, and the fact that the venous pressure is 
not increased, may be explained by simultaneous 
injury to the heart and loss of venous tone. 

9. Improvement in the circulation occurs only 
when the infection is brought under control. 
Therapy should therefore be directed towards 
overcoming the infection rather than attempting to 
treat the circulatory failure itself. 

This investigation was carried out with the technical 
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The authors wish to thank Dr, Maxwell Finland, Bos- 
ton City Hospital, for allowing them to make observations 
on two patients. Part of the plasma used in this study 
was provided through the courtesy of Dr, Max M. 
Strumia, Bryn Mawr Hospital, Bryn Mawr, Pa. 
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In preceding papers of this series, we have 
studied ( 1 ) the relative effectiveness of mixing 
or distribution of tidal air into alveolar spaces in 
normal and abnormal subjects, and have pro- 
posed (2) an open circuit method for residual air 
determination, in which nitrogen in the lungs is 
washed out by continuous inhalation of pure oxy- 
gen. 

The present paper (a) gives the results of a 
number of determinations of residual air, by the 
open circuit method, in normal subjects and pa- 
tients with chronic cardiac or chronic pulmonary 
disease; ( b ) offers certain simplifications of tech- 
nique in the open circuit method; and ( c ) sug- 
gests further significance of some of the data 
which this method provides. 

It will simplify the succeeding discussion if a 
brief review is given of the theoretical basis of 
the open circuit method of residual air deter- 


mination. The principle underlying all residual 
air methods which employ' an inert gas, such as 
nitrogen or hydrogen, is the measurement of this 
inert gas before and after its distribution (by 
means of a period of breathing) between an un- 
known volume (the lungs) and a known volume 
(the spirometer). The relationship is described 
by a simple formula. Let nitrogen be the inert 
gas measured: 

(Nitrogen percentage in lungs at start X lung 
volume) -f- (nitrogen percentage in spirometer at 
start X spirometer volume) = (nitrogen percent- 
age in lungs at end X lung volume) + (nitrogen 
percentage in spirometer at end X spirometer vol- 
ume). 

For purposes of simplification, the correction 
factor due to nitrogen excreted from the body (3) 
is here disregarded. 

Solving the above equation for lung volume. 


Lung volume = 


(N2 per cent in spirometer at end X spirometer volume) 

— (N2 per cent in spirometer at start X spirometer volume) 
(N2 per cent in lungs at start) - (N2 per cent in Iungs~at end)” 


The factors in the numerator can be determined 
accurately. The major error in measurement of 
residual air, or functional residual air (lung vol- 
ume) is due to inaccuracy in estimating nitrogen 
concentration in the lungs in the presence of 
poorly aerated lung spaces — in other words, due 
to inaccurate alveolar sampling (or in some meth- 
ods inaccurate assumptions regarding alveolar 
values). 

On the other hand, any errors in the final value 
for lung volume, due to errors in estimating al- 
veolar nit rogen concentration, will be minimized 

1 Working under a grant from the Commonwealth 
*und. 


if the denominator in the above formula can be 
made as large as possible. Since the alveolar 
nitrogen under conditions of breathing normal air 
is approximately the same (81 ±z 1 per cent), it 
follows that a method which brings the alveolar 
nitrogen, at the end of the breathing period, to a 
value as near zero as possible, will, other things 
being equal, ensure the smallest error due to stag- 
nant air in the lungs untapped by alveolar sam- 
pling. It is this which the open circuit method 
provides by emptying the lungs of their nitrogen 
as completely as possible through continuous in- 
halation of pure oxygen. 

In addition to giving more accurate values for 
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residual air in patients with inadequate pulmo- 
nary aeration, the method permits certain esti- 
mates or approximations in alveolar values, with 
a minimum of error. This again is due to the 
large percentage difference between alveolar nitro- 
gen at the start and that at the end of the breath- 
ing period. These approximations, providing a 
simplification of technique, will be discussed in a 
subsequent section. 

Results of 158 duplicate determinations of resid- 
ual air by the open circuit method 

On 134 subjects, 158 duplicate residual air de- 
terminations of functional residual air were made 
under basal conditions. Each pair of measure- 
ments was made on the same morning, with a 
15- to 30-minute interval between the two tests. 
The results of these paired determinations show 
that : 

In 74 duplicate tests, or 46.8 per cent of the 
whole series, each determination deviated by less 
than 2 per cent from the mean of the pair of 
values; in 109 duplicate tests, this deviation was 
less than 3 per cent from the mean; in 139 dupli- 
cates, the deviation was less than 5 per cent; and 
in 156 of the 158 cases, the deviation was less 
than 7 per cent from the mean value of the pair. 

It is of interest that there is a more or less 
even scatter of these deviations regardless of the 
size of the functional residual air. 

While differences larger than 5 per cent are 
not satisfactory from the technical standpoint, it 
may be noted that the cases studied include a 
large proportion of advanced fibrosis and emphy- 
sema. The latter, by reason of the fundamental 
pathology present, offer great technical difficulties 
for any residual air method. It is also not un- 
likely that some of these large percentage differ- 
ences in duplicate tests were due to actual changes 
in residual air value through shift in pulmonary 
mid-position rather than to technical error. 
These points have been discussed in the third 
paper of this series (2), and will be considered 
again below. 

The 15S duplicate determinations of residual 
air may be grouped according to the clinical con- 
ditions of the subjects, as follows: 


17 on normal subjects; 

22 on 22 patients with chronic cardiac disease 
in varying degrees of cardiac insufficiency; 

48 on 46 patients with chronic pulmonary tu- 
berculosis, including many with pneumothorax 
or thoracoplasty ; 

49 on 36 patients with pulmonary fibrosis or 
emphysema ; 

22 on 22 patients with miscellaneous diseases 
of the chest — bronchiectasis, carcinoma of the 
bronchus, chest deformity, and pneumonec- 
tomy. 

Figure 1 summarizes the residual air/total ca- 
pacity ratio found in these five groups. The in- 
creased ratio in the emphysema group was com- 
parable to that reported in the literature by other 
methods (4, 5, 6). The ratio in our cardiac cases, 
however, showed less of an increase above normal 
than has been reported by other methods (7, 8, 
9, 10). The 8 per cent increase of the residual 
air/total capacity ratio above the normal levels, 
in this cardiac group, is about the same as the 
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Fic. I. Residual Air/Total Capacity Ratio in Indi- 
vtdual Cases in Various Clinical Groups 
( 1 ) Normal subjects, ( 2 ) miscellaneous chest diseases, 
( 3 ) tuberculosis, ( 4 ) cardiac disease, (5) pulmonary em- 
physema. 
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relative incrcascl found in the tuberculous and 
miscellaneous groups where there has been a 
shrinking of the vital capacity. A further analy- 
sis of the residual air in various types and degrees 
of cardiac insufficiency will be presented in a sub- 
sequent paper. 

Relative constancy of the alveolar air sample taken 
at the start ; before the beginning of pure oxy- 
gen breathing: elimination of this meas- 
urement from procedure 

In Figure 2 arc charted all the values for al- 
veolar nitrogen percentage taken at rest under 
basal conditions while the patient breathed atmos- 
pheric air, i.c., before the beginning of pure oxy- 
gen breathing. This is the "alveolar a” sample of 
our earlier papers. From the data illustrated in 
Figure 2, it is found that 93 per cent of the al- 
veolar a values lie between 79.50 and 82.49 per 
cent, with a mean value approximately S1.0 per 
cent. Thus, by reason of the large (ah\ a N2 
alv. p N2) difference in the open circuit method 
(see formula above), the assumption of S1.0 per 
cent as a constant for alv. a in this formula is 
unlikely to lead to any important error in the final 
value of functional residual air. We have recal- 
culated (Figure 3) the data of the 316 residual 


air determinations, using 81.0 per cent as a con- 
stant value for alveolar a nitrogen, and have found 
this presumption to be correct Only 5 per cent 
of cases showed an alteration of more than 50 
cc. in functional residual air value as a result of 
this recalculation. In all of these the functional 
residual air was over 2500 cc. ; thus the percentage 
error here was small. In only 2 cases was this 
alteration over 85 cc. (one a difference of 101 cc., 
the other 104 cc.). One of these latter cases was 
an extreme emphysema, the other a combined em- 
physema and cardiac case. 

Thus it seems fair to conclude that the alveolar 
a sampling can be omitted from the open circuit 
technique. This shortens and simplifies the pro- 
cedure. A detailed description of the revised open 
circuit technique is given at the end of the paper. 

Alveolar air sample taken at the end of the period 
of pure oxygen breathing: its usefulness as 
a measure of pulmonary emptying rate, 
and the physiological significance 
of this function 

According to the open circuit procedure, the 
subject, under basal conditions, breathes pure oxy- 
gen for 7 minutes, thus washing out the nitrogen 
in the pulmonary air spaces. This expired air is 


ALVEOLAR NITROGEN CONCENTRATION (%) , 
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ERROR IN FUNCTIONAL RESIDUAL 
AIR DUE TO THE ASSUMPTION OF 
01.00 % AS THE STANDARD VALUE 
FOR ALVEOLAR E 



Fig. 3. The Extent of Error in the Value of 
Residual Air (Open Circuit Method) Caused by 
Assuming 81.0 Per Cent as the Normal Alveolar 
Nitrogen Concentration, as Compared with Residual 
Air Values Calculated from Alveolar Nitrogen Con- 
centrations Measured by Experiment 

collected and subsequently analyzed for nitrogen 
content. At the end of the 7 minutes of oxygen 
breathing, the subject exhales completely (into a 
separate circuit) and a sample of expired (al- 
veolar) air is taken into an evacuated sampling 
tube. 

The procedure of washing out the lungs by 
oxygen breathing, considered from the purely 
ventilatory standpoint, is almost ideal for the pur- 
pose of demonstrating the effectiveness of distri- 
bution of tidal air through alveolar spaces during 
quiet breathing, since it is only through the ade- 
quate distribution of inhaled pure oxygen into the 
pulmonary spaces that the nitrogen contained in 
them can be displaced and exhaled. 

Thus the completeness of the washing-out of 
nitrogen from the lungs by a stated period of 
pure oxygen breathing (which we have termed the 
pulmonary emptying rate ) can be considered an 
effective measure of distribution of tidal air 
through alveolar spaces. In an efficiently venti- 
lated lung, therefore, an alveolar specimen taken 
at the end of a relatively short period of oxygen 


:. DARLING, AND D. W. RICHARDsl JR. 

breathing should show a low niltrogen concentra- 
tion ; in an inefficiently ventilated lung, the nitro- 
gen concentration of this specimen should be high. 

This concept is corroborated by the analysis of 
the data covering “ alveolar p ” nitrogen measure- 
ments in 316 residual air determinations, as illus- 
trated in Figure 4. 

If one takes as an upper limit an “ alveolar p ” 
nitrogen of 2.5 per cent, one finds that 94 per cent 
of the determinations in normal subjects, and 100 
per cent of those on cardiac patients, are well 
below the level; whereas above it are 17.7 per cent 
of tuberculous patients, 17 per cent of the miscel- 
laneous group, and 97 per cent of the emphysema 
patients. 

The difference in performance between the nor- 
mal and the cardiac groups, on the one hand, 
and the groups with organic pulmonary disorders, 
on the other, is thus well defined, though perhaps 
not unexpected. 

It will be apparent that pulmonary emptying, or 
effectiveness of ventilation, depends in great part 
upon certain obvious anatomical and physiological 
relationships. A subject, for example, with small 
functional residual air, whose tidal air is large 
and respiratory rate rapid, will, other things being 
equal, tend to empty his pulmonary spaces rapidly. 
The emptying that will be expected to occur in a 
given time with a known functional residual air, 
effective tidal air, and rate of respiration, and 
assuming perfect intrapulmonary mixing, can be 
easily calculated by the usual compound interest 
equation (the interest rate having here a negative 
value). In most emphysematous subjects, the 
large ratio of residual air to tidal air is an im- 
portant factor in delayed emptying. In addition, 
however, there is the factor of unequal distribu- 
tion of tidal air, certain large regions of the lungs 
being often very inadequately ventilated. This 
factor is more difficult to express quantitatively, 
but in advanced pulmonary fibrosis and emphy- 
sema is usually the dominant influence in pro- 
ducing delayed pulmonaiy emptying. A striking 
evidence of this tendency to inadequate ventila- 
tion is shown in Figure 4, where practically all 
cases of pulmonary fibrosis and emphysema show 
a decreased rate of pulmonary emptying, includ- 
ing those subjects with relatively small residual 
airs as well as those with large. 
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Arterial oxygen unsaturation, which was also 
studied in a number of cases (Figure 5), was 
only partially correlated with pulmonary empty- 
ing, low saturation occurring at times with rapid 
emptying, and normal saturation with slow empty- 
ing. This is not unexpected, as there may be all 
degrees of vascular perfusion of poorly aerated 
regions of the lungs. 

Of considerable interest to us was the consistent 
performance of the group of cardiac patients in 
their effective pulmonary emptying. None of 
these, it is true, had very large residual air values, 
but it seemed theoretically not unlikely that the 
“ lungenstarre ” of pulmonary congestion might 
interfere with effective aeration of some of the 
perfused pulmonary air spaces. Such was evi- 
dently not the case in any of the patients whom 
we studied, as far as this particular criterion of 
pulmonary emptying indicated. Objection might 


be raised that the low alveolar nitrogen values 
were due to poor sampling, since these patients 
often had small reserve air volumes. The fact, 
however, that alveolar carbon dioxide levels were 
comparable in these samples with arterial carbon 
dioxide tensions eliminates this objection. That 
hyperventilation, which was definite in most cases, 
may have played a part in the low alveolar p nitro- 
gen percentages is entirely possible, but this does 
not alter the fact of effective pulmonary emptying 
in every case under the conditions of the test. 
Since some of the cardiac patients had a moderate 
arterial anoxemia, between 89 and 91 per cent, 
it is suggested that there were other mechanisms 
for this than inadequate ventilation of perfused 
alveolar spaces; i.e., perfusion of regions com- 
pletely unventilated (shunting) or other factors 
removing air from immediate contact with blood 
such as by dilatation and congestion of alveolar 


PULMONARY EMPTYING RATE 
IN RELATION TO 
ARTERIAL OXYGEN SATURATION 



• TUBERCULOSIS 
A CARDIAC 

0 EMPHYSEMA 

* MISCELLANEOUS 


Fic. 5. Relation- between* Arterial Oxygen- Saturation* an*d Pulmonary Empty 
in*g Rate in* Various Clinical Conditions 
“ Miscellaneous ” refers to a group of miscellaneous chest conditions (see text). 
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capillaries, or edema, or thickened, less permeable 
alvcolo-capillary walls — in other words, defective 
diffusion of gases through fluids, as distinct from 
defective distribution of gases through air spaces. 

At this point it should probably be emphasized 
that this particular test of " pulmonary empty- 
ing ” — the alveolar nitrogen after 7 minutes of 
oxygen breathing — is in certain respects quite 
arbitrary. It tends, as a matter of fact, to dem- 
onstrate particularly defects in emptying under 
conditions found in pulmonary’ emphysema with 
relatively large residual air values. Under other 
conditions, a 3-minute or even a 1-minute period 
of oxygen breathing will more readily demonstrate 
slight degrees of defective intrapulmonary mix- 
ing. Also, under certain conditions, the small 
amount of nitrogen excreted from the body during 
oxygen breathing becomes a significant factor in 
die alveolar p value. An exhaustive analysis of 
this question has been undertaken by one of the 
present authors (R. C. D.) and will be reported 
separately^. It is probably' fair, however, to con- 
sider the pulmonary' emptying rate, above de- 
scribed, as an approximate clinical index of ef- 
fectiveness of ventilation. As an index of patho- 
logical intrapulmonary mixing, the pulmonary 
emptying rate has to be considered along with 
other factors — functional residual air, tidal air, 
and rate of respiration. 

Anatomical ” versus “ physiological ” residual 
air volumes 

Reference to Figure 4 shows that, in a consid- 
erable number of cases of advanced emphysema, 
the alveolar p nitrogen percentage is very high, 
U P to 8 or 10 per cent or even higher. In other 
words, 7 minutes of oxygen breathing has not 
been able to remove more than 90 per cent of the 
alveolar air originally present in the lungs. The 
question naturally arises whether in such in- 
stances there may not be stagnant or very poorly' 
ventilated lung spaces which remain high in nitro- 
gen after oxygen breathing, but whose contents 
cannot be adequately exhaled into an lt alveolar 
a * r sample, the true mean alveolar nitrogen being 
actually higher than that obtained. The value 
obtained for residual air in these cases w T ould 


therefore be erroneous. As pointed out in the 
third paper of this series (2), this excessive stag- 
nation of intrapulmonary air can sometimes be 
proved by prolonging the time of pure oxygen 
breathing to 10 or 12 minutes, and a more ac- 
curate residual air determination can be obtained 
in this way. 

The ultimate in pulmonary stagnation probably 
occurs in certain cases of large positive-pressure 
bulla formation. There is one such case in the 
present series, a man of 40 with an expanding 
bulla occupying two-thirds of the left thoracic 
cavity and displacing the mediastinum to the right. 
Residual air determination by the open circuit 
method revealed a veiy small functional residual 
air volume, and a rapid and complete pulmonaiy 
emptying with low alveolar p nitrogen. The in- 
terpretation of these findings is clear: the large 
bulla was inactive in pulmonary function; in fact 
completely isolated from the working pulmonary 
mechanism, except for the small increment of in- 
spiratoiy air that must have been drawn into the 
bulla in order to maintain its positive pressure. 
This case, incidentally, is the only one in the em- 
physema group that showed a pulmonaiy empty- 
ing rate appreciably below 2.5 per cent (Figure 4). 

The distinction between physiologically venti- 
lating, pathologically ventilating, and non-ventilat- 
ing pulmonary air spaces, is an interesting one. 
In the last named of these, the separation between 
physiological and anatomical residual air volumes 
becomes practically complete. 

The open circuit method of residual air meas- 
urement, when combined with the alveolar p nitro- 
gen, or pulmonaiy emptying rate, thus provides 
more than a value for static or anatomical residual 
lung volume. It furnishes an index of mixing 
or effective distribution, of tidal air through the 
alveolar spaces during quiet breathing. When 
these measurements are included with the values 
for the other divisions of lung volum’e and with 
those of total resting pulmonaiy ventilation and 
respiratory rate, the purely ventilatory aspect of 
pulmonaiy function at rest can be analyzed with 
a fair degree of completeness. We have discussed 
elsewhere (11) the dual classification of pulrno 
nary function into ventilatory ( air displacement^ 
and respiratory (respiratory gas exchange) 



688 


A. COURNAND, £. DeF. BALDWIN, R, C. DARLING, AND D. W. RICHARDS, JR. 


Revised technique of open circuit method for residual air 2 3 * * * * 

The apparatus used 8 has been described in the third 
paper of this series (2). It consists essentially of three 
parts: (a) a standard 100-Hter Tissot gasometer; ( b ) an 
open circuit, with the inspiratory tubing leading from an 
anesthesia bag (which in turn is kept partly filled with 
oxygen from a tank) to the mouthpiece, and the expira- 
tory tubing from mouthpiece to gasometer; (c) a second 
open circuit, to which the subject can be connected by 
turning the respiratory valve at the mouthpiece, with ex- 
piratory tubing leading out past evacuated sampling tubes 
for alveolar air sampling. 

One change has been made in the apparatus : A 
long vertical drum revolving at constant rate has been 
attached to the side of the Tissot gasometer. A pen 
attached to the counterweight of the spirometer records 
on this drum each expiratory movement, thus affording 
a measure of respiratory rate and expiratory amplitude. 

Procedure . In a preliminary test, the external lung 
volumes — tidal air, vital capacity, complemental and re- 
serve air — are recorded on a spirograph. This has the 
added advantage of training the subject in breathing 
procedures. After a 15-minute rest period, the subject, 
under basal conditions and lying supine except for a 
two- or three-pillow head and shoulder elevation, is at- 
tached to the mouthpiece, with the valve turned to the 
second circuit so that he is inhaling outside air. (The 
main circuit and gasometer have previously been thor- 
oughly washed with oxygen by 6 successive fillings and 
emptyings of the Tissot gasometer with 15 to 20 liters of 
oxygen through the entrance bag.) With the gasometer 
empty, volume and temperature readings are taken. 
Oxygen flow at approximately the (volume) rate of the 
subject's resting ventilation is then started from the tank. 
Precisely at the subject’s expiratory level, just before 
inspiration begins, the valve is turned to shift the sub- 
ject’s breathing into the oxygen circuit The subject 
then breathes oxygen quietly for 7 minutes. (At a con- 
venient time during this interval, the second of the re- 
spiratory valves at the mouthpiece is turned, thus shutting 
off the inspiratory tubing of the second [atmospheric air] 
circuit. This permits an uncontaminated alveolar sam- 
pling later. In subjects with a small reserve air, such 
as cardiac patients, it is practical to wash out the second 
circuit with oxygen during this interval.) At the end 

2 A footnote in the third paper of this series indicated 
that the authors were planning a simplification of the 
method in which no alveolar samples would be necessary. 
While such *a method could be used with approximate 
accuracy in almost all cases, we have retained the il al- 
veolar p” nitrogen measurement because of the impor- 
tance and independent significance which this measure- 
ment affords. 

3 The apparatus was made by the Warren E. Collins 

Company, Boston, Massachusetts. The special 5-way 

respiratory valve was designed and constructed for us 

by Mr. Herman P. Roth of the Warren E. Collins Com- 

pany. 


of the inspiratory phase nearest the exact moment of 
termination of the 7-minute period, the valve is turned, 
shifting the subject from first to second circuit, and he 
is instructed to exhale completely, thus . furnishing the 
alveolar p sample which is taken in the evacuated sam- 
pling tube. The subject may then be disconnected from 
the apparatus. The reason the valve is turned at peak 
of inspiration is to provide a larger volume of air for 
washing out the second circuit for the alveolar sample. 
The amount of nitrogen contained in this tidal air is 
negligible, so that its loss from the total expired air in 
the gasometer will cause no error. Finally, the main 
circuit is flushed with about 10 liters of oxygen into the 
gasometer, so as to wash any remaining nitrogen out of 
the inflow tubing. The second volume and temperature 
readings on the gasometer are recorded, and the outflow 
tubing is washed through promptly with the air from 
the gasometer. Two samples are taken from the gaso- 
meter for analysis. 

The gasometer and main circuit are washed out with 
oxygen, as before; 15 to 30 minutes are allowed for the 
subject’s lungs to return to conditions of room air breath- 
ing; and the determination is then repeated. 

Gas analyses are all now carried out by the use of the 
Van Slyke-Neill apparatus. Certain minor alterations in 
the procedure as described by Peters and Van Slyke (12) 
have been kindly communicated to us by Dr. N. L. 
Kaltreider. 

The calculation of functional residual air is as follows : 


ERA. (dry) - (r + - JTO) _ c , 

81 — alv. N 

F.R'A. (dry) = functional residual air in cc, (calculated 
as dry gas). 

V = volume reading of spirometer gas, cor- 

rected to 37° (dry). 

DS = volume of dead space under spirometer, 

corrected to 37°. 

NS = per cent nitrogen in spirometer. 

NO — per cent nitrogen in oxygen from tank 

(usually 0.0 to 0.4 per cent). 

Alv N — per cent nitrogen in alveolar air at end 

of oxygen breathing. 

C = correction for nitrogen excreted from 

body during period of oxygen breathing, 
expressed in cc. This factor, previously 
taken by other investigators and by the 
present authors as a flat correction for 
all subjects, has more recently been 
found by Cournand and Riley (13) to 
vary with bodily size according to the 
linear relation C = ((B.S. X 96.5) + 35) 
*t" 0.80, where B.S . = body surface in 
square meters. 

The final figure for functional residual air volume is 
computed from F.R.A . (dry) by correcting for water vapor 
saturation, as exists (approximately) within the lungs. 

F.R.A. - F.R.A. (dry) X Barometer pressure 

Barometer pressure — 48 


SUMMARY 

1. The nitrogen concentration of a sample of 
alveolar air taken at the end of a period of pure 
oxygen breathing provides an index of pulmonary 
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emptying which is useful as a measure of effec- 
tiveness of ventilation. 

2. This procedure detects delayed pulmonary 
emptying, particularly in cases of pulmonary fibro- 
sis and emphysema. Patients with such condi- 
tions have alveolar nitrogen concentrations, after 
7 minutes of oxygen breathing, above 2.5 per 
cent; normal subjects and patients with chronic 
heart disease have values below 2.5 per cent. 

3. One hundred and fifty-eight determinations 
of residual air by the open circuit method are 
presented and analyzed. 

4. A revised and somewhat simplified method 
for open circuit determination of residual air, 
with simultaneous measurement of pulmonary 
emptying, is described. 
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In 1935 Kcrpcl-Fronius (1) demonstrated in 
rabbits that there are two distinct types of dehy- 
dration, depending upon whether the condition is 
associated with (J) a primary loss of salt or (2) 
a shortage of water not accompanied by a corre- 
sponding loss of salt. He pointed out that the 
former is characterized by circulatory disturb- 
ances, while the latter is characterized by thirst. 
In a later paper (2) Kerpel-Fronius referred to 
the two conditions as “ Durstexsikkose und Salz- 
mangelexsikkose 99 and emphasized the fact that 
in animals dehydrated by loss of salt the principal 
loss of fluid is from the extracellular portion, in- 
cluding the blood, whereas in thirsting animals 
the water loss is distributed among all fluid com- 
partments of the body, including the large intra- 
cellular portion. 

It is our impression that most physicians, in- 
cluding ourselves, have not been sufficiently aware 
of this important distinction and its therapeutic 
implications. The present report concerns itself 
with a study of these two types of dehydration in 
normal human subjects. The first two experi- 
ments (IA and IB) deal with abnormal loss of 
salt while the water intake is adequate. The other 
two experiments (II A and IIB) deal with water 
deprivation with no abnormal loss of salt. 

PROCEDURE 

Experiment IA . Abnormal loss of salt; water intake 
adequate. Subject W. M., a healthy male, aged 26, was 
Weighed and placed upon a salt-poor diet (containing ap- 
proximately 1 gram of NaCl per day) for 6 days. After 
this preliminary period a Miller- Abbott tube (3) was 
passed to the proximal jejunum, the position of the tube 
was verified by x-ray examination, and constant suction 
was applied for 4 days. During this 4-day period no 
food was allowed, but water was administered daily, 
either orally or in the form of intravenous 5 per cent 
dextrose in distilled water, in amounts sufficient to insure 
a normal urinary output. Also, the tube was irrigated 
frequently with measured amounts of tap water which 

1 Aided by a grant from the Horace H. Rackham 

School of Graduate Studies. 


were figured in as part of the total oral intake. After 
removal of the Miller- Abbott tube, the subject was al- 
lowed salt-free water orally and intravenously for a 
period of 24 hours. On the following day he was given 
3675 cc. of Ringer's solution (containing 33.1 grams of 
NaCl) intravenously. On the 2 final daj^s he was allowed 
water ad libitum and a salt-poor diet. 

Each morning after voiding the subject was weighed. 
Daily measurements were made of the urine volume and 
of the losses of sodium and chloride in the urine and 
from the jejunal drainage. 2 Frequent determinations 2 
were also made of the hematocrit, plasma proteins, serum 
sodium, plasma chlorides, plasma carbon dioxide com- 
bining power, and of the arterial blood pressure. The 
subject was watched closely for any signs of dehydration. 

Experiment IB. Abnormal loss of salt; water intake 
adequate . Subject E. B., aged 21, was a normal male 
except for the presence of an orthostatic albuminuria. 
The procedure was identical to that in Experiment IA 
with the following exceptions. The Miller-Abbott tube 
suction was continued for 5 days instead of 4. Distilled 
water was used in place of tap water throughout the 
experiment The salt-poor diet was resumed as soon as 
the Miller-Abbott tube had been removed. Three thou- 
sand cubic centimeters of Ringer's solution (containing 
27 grams of NaCl) were administered on the second day 
following removal of the tube. 

Experiment 1 1 A. Water deprivation; no abnormal loss 
of salt. Subject E. B. at the conclusion of Experiment 
IB was studied further. He continued on a salt-poor diet 
for 2 days and had water ad libitum. Then the dehydra- 
tion period began and all fluids were eliminated for 4 
days. On the 5th day his mouth was so dry he could not 
eat, so 600 cc. of distilled water were allowed. During 
the recovery period distilled water was allowed ad libi- 
tum, the diet remaining salt-poor as before. Blood studies 
and other measurements were carried out as in Experi- 
ments IA and IB. Also several determinations were 
made of the blood non-protein nitrogen. 

Experiment IIB. Water deprivation by means of total 


2 The chemical determinations were run in duplicate 
and standard methods were used throughout as follows: 
Sodium: Butler and Tuthill (4). Potassium: Shohl and 
Bennett (5). Chloride: Wilson and Ball (6). Nitro- 
gen: Macro-Kjeldahl. Total urine solids: Shackell (7). 
Carbon dioxide combining power: Van Slyke (8). The 
plasma protein estimations were based upon plasma spe- 
cific gravities according to Weech's formula (9), the 
specific gravity determinations being made by the Bar- 
bour and Hamilton falling drop method (10). 
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fasting. This experiment, though somewhat similar to 
Experiment IIA, differed from it chiefly in that the 
dehydration period consisted of a total fast. The subject, 
T. G., a normal male aged 23, after having been placed 
upon a salt-poor diet for 4 days, was persuaded to go 
without food or water for 3 days. During the subsequent 
3 days he still received no food but was allowed distilled 
water ad libitum. In fact, he was requested to drink 
even more than he desired, and on the last of these 3 
days (day 10) he was given, in addition, 4.8 grams of 
potassium as a dilute neutral solution of potassium salts 
(KjHPCb and KH 2 P0 4 ). On the next 2 days (days 11 
and 12) he was given a submaintenance diet consisting of 
2 liters of whole cow’s milk per day. On the 12th day 
he was given, in addition to the milk, 9 grams of sodium 
chloride. 

Every morning after voiding the subject was carefully 
weighed on a balance accurate to 2 grams. Daily deter- 
minations were made of the urine volume, urine specific 
gravity, urine solids, and urinary excretions of sodium, 
potassium, chloride, and nitrogen. The same blood studies 
were carried out as in the other three experiments. Dur- 
ing the difficult fasting period the subject was attended 
both day and night and seemed to cooperate in every 
particular. 

RESULTS 

In Experiment IA, the data of which are shown 
in Table I and Figure 1, the body weight de- 


creased by 4.3 kgm. during the 4 days of the 
Miller-Abbott suction. During this period 8.4 
grams of Na and 13.9 grams of Cl, equivalent to 
about 22 grams of NaCl, were lost from the 
body, mostly through the tube, only a very small 
amount being excreted in the urine. The urine 
output averaged 1430 cc. per day. The hemato- 
crit and plasma protein concentration showed a 
gradual and continuous increase. The serum Na 
concentration dropped from 308 to 274 mgm. per 
cent, a decrease of about 11 per cent, while the 
plasma Cl concentration fell from 568 to 464 mgm. 
per cent, a decrease of about 18 per cent. The 
C0 2 combining power showed little change. To- 
wards the end of the dehydration period, the sub- 
ject became weak and apathetic and the blood 
pressure fell to 85 mm. Hg systolic. He became 
faint on assuming the upright posture and pre- 
ferred to lie flat in bed without a pillow. There 
was pronounced anorexia. There was no thirst. 

During the 24-hour period immediately after re- 
moval of the tube (day 11) the situation was es- 
sentially unchanged. The hematocrit and plasma 
protein concentration remained high while the 


TABLE i 


Data on Experiment I A. Subject W. M. Dehydration by means of constant jejunal suction with Miller-Abbott tube; water 

intake adequate 


Days 

Body 

weight 

Fluid intake 

Suction 

Urine 

Blood 

Remarks 

Mouth 

Intra- 

venous 

Amount 

Na 

Cl 

Amount 

Na 

Cl 

Hem- 

ato- 

crit 

Plasma 

protein 

Serum 

Na 

Plasma 

Cl 

Plasma 

CO2 

C.P, 




cc . 


i 

i 






grams 

mgm . 

mgm . 

volume 



bgrru 

cc . 

5% 

cc , 

grams 

grams 

cc. 

grams 

grams 


per 

per 

per cent 

per 





dextrose 







cent j 

cent 

cent 

(as NaCl) 

cent 


0 

70.1 









47.2 

mgm 

313 

566 

47 


1 

69.1 

■ 

II 

■ I 


n 

1520 

5.43 

8.78 







2 

69.0 


■ 

II 



1050 

2.32 

3.35 







3 

69.2 


■ 

^■1 

1 

II 

840 

2.61 

3.68 






Salt-poor diet. 

4 

68.7 

■ 

II 

1 

■ 


800 

2.50 

3.59 







5 

68.7 

■ 

1 . 

1 

1 

■ 

1150 

0.89 

1.44 







6 1 

! 

68.9 

/ I 

1 

■ 

I 

■ 

1450 

0.45 

0.86 

50.5 

7.2 

308 

568 

47 


7 

66.5 

1500 

0 

1460 

1.95 

3.42 ! 

1380 

0.49 

tm 

53.3 

8.1 

271 

553 

31 

Miller-Abbott 

8 

66.0 

2000 

1900 

1540 

2.40 

3.70 

1540 

0.17 

Ein 

59.2 

8.8 

284 

512 

41 

tube suction. 

9 

65.4 

2750 

950 

2230 

2.14 

3.49 

840 

0.09 

0.07 

59.3 

8.5 

288 

477 

50 

No diet. 

10 

64.6 

1500 

1850 

1040 

1.05 

1.89 

1960 

0.04 

0.11 

60.2 

8.6 

274 

479 

38 


11 

64.3 

250 

2000 




1410 

0.02 

0.13 

60.0 

8.2 

; 282 

464 

47 






i 











MEHM 

12 

66.4 

0 

3675* 




810 

0.40 

0.44 

42.4 

6.1 

298 

574 

41 

Ringer's solu- 
















tion given. 

13 

65.7 


0 




1370 1 

1.59 



6.5 

308 

568 

41 

Salt-poor diet 

14 

65.9 


0 




1550 

2.00 



6.8 

325 

569 

45 

resumed. 


* Ringer’s solution. 
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1. SALT POOR DIET 

2. MILLER-ABBOTT TUBE 
NA LOSS 8.4 GM.(2I.O) 
CL LOSS 13.9 GM.(23.l) 

3. TUBE OUT 

SALT FREE WATER GIVEN 

4. RINGER’S SOLUTION 
3675 C.C. I.V. 


URINE VOLUMES ADEQUATE 
DROP IN BLOOD PRESSURE 
NO THIRST 


Fig. 3 . Graphic Presentation of Experiment IA. Subject W. M, Dehydration by Means of Constant 
Jejunal Suction With Miller-Abbott Tube; Water Intake Adequate 


serum Na, plasma Cl, and the blood pressure re- 
mained low. The weakness, anorexia, apathy, and 
orthostatic fainting continued. 

As soon as the Ringer’s solution was admin- 
istered, on the 12th day, there was a prompt 
improvement in the subject’s condition. The 
blood became diluted, the serum Na and plasma 
Cl returned to normal, the blood pressure rose to 
normal, and the disagreeable symptoms vanished. 

At the end of the recovery period, the body 
weight was about 3 kgm. less than at the beginning 
°f the experiment, undoubtedly the result of 6 
days of fasting. The final values for hematocrit 
an d plasma protein were lower than the initial 
values, probably due to the fact that during the 
course of the experiment a total of about 400 cc. 
°f blood was taken for the various blood tests. 

Experiment IB was essentially the same as IA 
and yielded similar results. As shown by the 
data in Table II and Figure 2, there occurred a 
Joss in weight, a rise in hematocrit and a drop in 
blood pressure. Fainting, weakness, apathy and 
anorexia were pronounced. There was no thirst ; 
ln feet, there seemed to be an aversion to water. 


It will be noted that the plasma protein values did 
not rise so noticeably in Experiment IB as in 
Experiment IA and this might be related to the 
orthostatic albuminuria of the IB subject. The 
administration of Ringer’s solution restored the 
subject to normal. 

The results in Experiments IIA and IIB stand 
out in marked contrast to those in IA and IB. 
In Experiment IIA there was no abnormal loss 
of salt and dehydration was brought about by 
water deprivation. The data given in Table III 
and Figure 3 show a loss in body weight of 2.6 
kgm. during the period of water deprivation. 
There was no significant change in hematocrit, 
serum Na, or plasma C0 2 combining power. The 
plasma Cl rose from 554 to 584 mgm. per 100 cc. 
The daily urinary output averaged 614 cc. The 
excretion of Na and Cl increased slightly during 
the period of water deprivation, but remained low 
nevertheless. The blood non-protein nitrogen 
rose from 33 to 48 mgm. per cent Thirst be- 
came acute and the mouth and throat became very 
dry. The voice became weak and high in pitch. 
It will be recalled that on the last day of the dehy- 
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TABLE II 


Data on Experiment IB. Subject E. B. Dehydration by means of constant jejunal suction with Miller-Abbott lube ; wat 

intake adequate 


Days 

Body 

weight 

Fluid intake 

Suction 

Urine 

Blood 

Remarks 

Mouth 

Intra^ 

venous 

Amount 

Na 

a 

Amount 

Na 

Cl 

Hem- 

ato- 

crit 

.. . 

Plasma 

protein 

Serum 

Na 

Plasma 

Cl 

ga 

0 

kgm. 

59.7 

cc. 

cc. 

5% 

dextrose 

cc. 

grams 

grams 

cc. 

grams 

grams 

per 

cent 

44.3 

grams 

per 

cent 

7.5 

mgm. 

per 

cent 

292 

mgm. 
per cent 
(as NaCl) 

574 



i 

59.0 




■ 

■ 

995 

1.87 

3.54 







2 

58.8 






1130 

0.88 

1.68 

45.3 

7.5 

292 

561 

51 


3 

58.6 




1 

Hg 

1000 

0.64 

1.22 






Salt-poor diet 

4 

58.5 




■ 

1 

1110 

0.45 

1.04 

45.6 

Hf| 

297 

553 

55 


5 

58.8 




|| 

1 

870 

0.30 

0.56 


HI 





6 

58.7 




■ 

BB 

1170 

0.35 

0.48 

44.6 

mm 

302 

554 

58 


7 

57.0 

4000 

0 

4300 

2.18 

4.59 

540 


0.18 

46.6 

7.5 

301 

531 

51 


8 

56.3 

2600 

2000 

1090 

1.47 

2.28 

2980 


0.16 

48.0 

7.6 

291 

526 

53 

Miller-Abbott 

9 

55.4 

3200 

0 

1730 

2.16 

3.39 

1580 

jnra 

0.08 

51.7 

7.5 

299 

507 

50 

tube suction. 

10 

54.3 

2500 

0 

1560 

1.87 

3.06 

1080 

wU 

0.06 

53.8 

7.7 

274 

484 

48 

No diet. 

11 

53.9 

2500 

0 

1270 

1.00 

1.69 

750 

||l 

0.02 

57.1 

7.8 

270 

467 

51 


12 

54.0 


0 

ns 

m 

m 

780 

0.005 

0.04 

57.0 

■21 

269 

465 

61 

Salt-poor diet 





l 

B 

B 





Ififl 




resumed. 

13 

57.0 


3000* 

■ 

I 

i 

1430 

0.03 

0.23 

39.0 

6.0 

307 

554 

57 

Ringer’s solu- 





I 


■ 



■ 






tion given. 

14 

56.9 



■ 

B 


1310 

0.14 

tiiti 






Salt-poor diet 

15 

57.3 



■ 

m 

B 

1360 

0.45 

1 

40.0 

6.4 

299 

553 

55 

continued. 


* Ringer's solution. 



DAYS l 2 3 4 5 6 7 8 9 10 II 12 13 14 15 
PLASMA CL 554 465 554 


1. SALT. POOR DIET 

2. MILLER -ABBOT TUBE 
NA LOSS 9.0 GM. (22.5) 
CL LOSS 15.6 GM. (25.7) 

3. TUBE OUT 

SALT FREE WATER GIVEN 

4. RINGER’S SOLUTION 
3000 C.C. LV. 


URINE VOLUMES ADEQUATE 
DROP IN BLOOD PRESSURE 
NO THIRST 


Fig. 2. Graphic Presentation' of Experiment IB. Subject E. B. Dehydration by Means of Constant 
Jejunal Suction With Miller-Abbott Tube; Water Intake Adequate 
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TABLE III 


Data on Experiment II A. Subject E. B, Dehydration by means of water deprivation ; no abnormal loss of sail 






Urine 




Blood 




Da 5*3 

Body 

weight 

Fluid 











intake 










Remarks 


(oral) 

Amount 

Na 

Cl 

Hema- 

Plasma 

Scrum 

Plasma 

Plasma 





tocrit 

protein 

Na 

Cl 

CO 2 C.P.NPN 



kin. 





Per 

cent 

crams 

mem. 

mgtn. 

volume 

mgm. 



cc. 

cc. 

trams 

Crams 

per 

per 

per cent 

per 

per 








cent 

cent 

(as NaCl) 

cent 

cent 


0 

57.0 





39.0 


307 

554 

57 



1 

56.9 

ad lib. 

1310 

0.14 

0.35 







Salt-poor diet. Water ad 

2 

57.3 

ad lib. 

1360 

0.45 

0.54 

40.0 

6.4 

299 

553 

55 

33 

libitum. 

3 

56.5 

mm 

mm 

0.8S 

0.49 


III 






4 

56.0 



1.06 

1.36 

40.3 


301 

571 

57 

36 


5 

55.7 

Kfl 





Hi 




39 

Salt-poor dry diet. No fluid 

6 

54.7 

wmm 

1020* 

1.30* 

2.51* 

41.7 

u& 9 

298 

584 

51 

40 

intake for 4 days. 

7 

54.9 


600 

0.58 

0.87 

41.3 

7.1 

292 

584 

52 

48 

8 

57.1 

3000 
-f* meals 

1850 

0.28 

0.41 







Fluids resumed. 

9 

57.4 

2000 
+ meals 

3180 

0.15 

0.46 

41.7 

6.9 

279 

556 

54 

26 



* Represents 48-hour period, because of failure to collect urine specimen at proper time. 


KILOS. 



THIRST OOOO + ifOO 


1. SALT POOR DIET 

2. DRY DIET 
NO FLUIDS 

3. 600 C.C. OF DISTILLED 
WATER ALLOWED 

4. DISTILLED WATER AS 
DESIRED 

OLIGURIA 
MARKED THIRST 
RISE IN N.P.N. 


Fig, 3. Graphic Presentation of Experiment IIA. Subject E. B. Dehydration 
by Means of Water Deprivation; No Abnormal Loss of Salt 


dration period 600 cc. of distilled water were 
allowed so that the subject could eat his food, 
yet on this day the urinary output was only 600 
cc. and the blood non-protein nitrogen continued 
to rise. 

As soon as the subject was allowed distilled 


water ad libitum, recovery was prompt. The body 
weight rose to its previous level, the urine volume 
increased and the blood non-protein nitrogen re- 
turned to normal. The thirst disappeared 
promptly. 

In the last experiment, IIB, dehydration re- 
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suited from deprivation of both food and water 
and the results were quite similar to those in 
Experiment IIA. The data in Table IV and Fig- 
ure 4 show that there occurred a loss of weight, 
oliguria, azotemia, marked thirst, and very little 
change in composition of the blood. There was 
no significant alteration in hematocrit or in plasma 
protein concentration. As in the previous experi- 
ment, the administration of distilled water 
promptly alleviated the thirst and was followed by 
a diuresis and a return to normal of the blood 
non-protein nitrogen. On the first day of the 
recovery period, the subject was given 4318 grams 
of water. The first half of this was taken eagerly 
within about an hour, but the second half was 
drunk reluctantly and in small amounts throughout 
the day. The urine volume for that day was 
2090 cc. and the gain in weight was 1257 grams. 
On the following day 4000 grams of water were 
offered, but only 3515 grams were drunk, the 
subject having to force down most of this. The 


urinary output for that day was 3110 cc. and 
there was a loss of 449 grams of body weight. 

On the 10th day potassium salts were given 
and produced no significant changes. The sub- 
ject continued to lose weight until the final day 
of the experiment, when 9 grams of NaCl were 
administered, which resulted in a weight gain of 
1070 grams. 

In Table IV are shown also other data of in- 
terest, such as the specific gravity of the urine 
and the urinary excretion of nitrogen, sodium, 
potassium, chloride, and total solids. The spe- 
cific gravity was high during the 3 days of the 
dehydration period, being above 1.036 as com- 
pared to 1.020 or less on all other days. The 
excretion of nitrogen averaged about 13 grams 
during the latter part of the fast and the high 
value of 16.7 grams occurred with the diuresis on 
the first day of water administration, the day on 
which the blood non-protein nitrogen returned to 
normal. The sodium excretion diminished dur- 
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KILOS 

1. SALT POOR DIET 

2. TOTAL FAST 
(NO FOOD OR WATER) 

3. WATER (DISTILLED) 

4318 C.C. 

4. WATER 3515 C.C. 

5. POT. PHOSPHATE (4.8 GM. OF k) 
£ WATER 3298 C.C. 

6. WHOLE MILK 2000 C.C. 
g. WATER 2143 C.C. 

7 NACL 9.0 GM. 

MILK 2000 C.C. 

WATER 1687 C.C 
OLIGURIA 
MARKED THIRST 
RISE IN N.P.N. 


DAYS I 2 3 4 5 6 7 8 3 IU n 

THIRST OOOOO + t 00000 

T + 

Fic. 4. Graphic Presentation' of Experiment IIB. Subject T. G. Dehydration by Means 
of Total Fasting ; No Abnormal Loss of Salt 



ing the preliminary period with the salt-poor diet 
and remained at a low level throughout, though 
there was a slight rise at the time of maximum 
dehydration. The chloride excretion paralleled 
ln a general way the sodium excretion. During 
the fast, potassium excretion remained close to 
the average of 1.9 grams per day except on the 
day the potassium salts were administered, when 
it rose to 3.06 grams. The excretion of urinaiy 
solids averaged 39.1 grams per day during the 
fasting period. 

Calculations of water and energy balance in 
Experiment IIB were made according to methods 
recommended by Newburgh (11), and are sum- 
marized in Table V. The values for utilization 
of protein are derived from the values for nitro- 
gen excretion, a suitable correction being made 
for the days of water deprivation while nitrogen 
was being retained and for the day immediately 
afterward, when the retained nitrogen was being 
washed out. The values for carbohydrate utili- 
zation during the initial days of fasting are esti- 
mates based upon other studies of fasting human 
beings (12, 13). During the last 2 days of the 


experiment it was assumed that no glycogen was 
stored inasmuch as the diet was submaintenance. 

The values for water balance are shown in the 
last column of Table V. There was a negative 
balance of 2088 grams during the period of dehy- 
dration, and a positive balance of 1800 grams on 
the first day of recovery, when water was allowed 
ad libitum. The only other large change in water 
balance was on the final day, when 9 grams of 
NaCl were ingested, which resulted in a positive 
balance of 1064 grams. 

In order to compare the water balance with the 
balances of sodium and potassium, some additional 
data are presented in Table VI. This table in- 
cludes the 3 days of water deprivation, together 
with the 2 following days, during which nothing 
but distilled water was administered. During 
these 5 days all balances, except for water, were 
necessarily negative. In columns 2 and 3 are 
given the balances for N a and K respectively, 
expressed in milliequivalents. The figures in col- 
umn 4 refer to the amount of extracellular water 
which would ordinarily correspond to the sodium 
balance for the period in question. The figures 




698 


JOSEPH W. NADAL, SVEND PEDERSEN, AND WALTER G. MADDOCK 


TABLE V 


Further data from Experiment I IB. Subject T. G. Energy and water balance during total fast and during recovery period 


Days 

Change 
in body 
weight 

I. L. 

Metabolic mixture 

Cal- 

ories 

Water 

Remarks 

CHO 

P 

(as N) 

Fat 

HaO 

drunk 

h 2 o 

of 

food 

Oxi- 

da- 

tion 

Pre- 

formed 

I. W. 

Urine 

Blood 

Total 

in 

Total 

out 

Balance 

5 

6 

7 

grains 

-1397 

-1398 

-1329 

grams 

912 

891 

827 
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100 

50 

0 

grams 

11.0 

12.4 

13.0 

grams 

142 

160 

170 

2025 

2022 

1926 

grams 

0 

0 

0 

grams 

0 

0 

0 

grams 

241 

234 

216 

grams 

520 

395 

261 

grams 

873 

871 

830 

grams 

409 

428 

424 

1 
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761 

629 

477 
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1322 

1339 
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- 710 

- 817 

Total fast. 
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8 
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+ 1257 
- 449 ! 
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797 

0 

0 

13.0 

12.9 

189 
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2107 
1853 | 

4318 

3515 

0 

0 

236 

207 

262 

258 

904 

799 

2072 

3102 

40 

35 

4816 

3980 

3016 

3936 

+1800 
+ 44 

Distilled HjO 
ad libitum. 

No diet. 

+1844 

10 

- 260 

826 

0 

13.2 

169 

1922 

3298 

0 

215 

264 

828 

2480 

30 

3777 

i 

3496 ( 

+ 281 

Potassium salts 
administered. 

11 

12 

- 289 
+1070 

892 

780 

104 

104 

15.3 

10.4 

121 

108 

1958 

1710 

2143 

1687 

1804 

1812 

232 

205 

86 
- 9 

846 
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3535 
1864 | 

30 

30 

4265 i 
3695 

4411 

2631 

- 146 
+ 1064 

Milk 2074 grams. 
/Milk 20S3 grams. 
\NaCl 9.0 grams. 

+ 918 

Total 

-2495 









2037 



285 

22400 

21445 

+ 955 



TABLE vx 


Further data from Experiment IIB. Subject T. G. Relationship of water balance to balance of Na and K 

during the fasting period 


Column 

1 

2 

3 

4 

5 

6 

7 

8 

9 


Days 



Extracellular 
water corre- 
sponding to Na 
/ Na \* 
\0.148 / 

Intracellular 
water corre- 
sponding to K 
/K— 0.02 Na\* 
l 0.14 ) 

"Pre- 

formed” 

water 

Balance 
of "avail- 
able ' ' 
water 

Absolute 
water bal- 
ance (Column 7 
minus 
Column 6) 

Water losses not 
accounted for by 
losses of Na and K 
(Column 8 minus 
Columns 4 and 5) 

Remarks 


in. cq. 

in. eq. 

grams 

grams 

grams 

grants 

grants 

grams 


5 

- 5.6 

- 53.8 

- 38 

- 384 

520 

- 561 

-1081 

- 659 


6 

-14.6 

- 51.6 

- 98 

- 367 

395 

- 710 

-1105 

- 640 

Total fast. 

7 

-21.0 1 

- 44.7 

-142 j 

- 316 j 

261 

- 817 1 


- 620 



-41.2 

-150.2 

-278 

-1067 

1176 

— 2088 

-3264 

-1919 


r 

8 

-14.4 

- 41.4 

- 97 

- 294 

262 

+ 1800 

+ 1538 

+ 1929 

Distilled water by 

9 

- 9.0 

- 46.1 

- 61 

- 328 

258 

+ 44 

- 214 

- 175 

mouth ad libitum. 
No diet. 


-23.4 

- 87.5 

-158 

- 622 

520 

+ 1844 

+ 1324 

+ 1754 

Total 

-64.6 

-237.7 

-436 

-1689 

1696 

- 244 

-1940 

- 165 



* See text for explanation of formulae. 


in column 5 refer to the amount of intracellular 
water which would ordinarily correspond to the 
potassium balance for the period in question, a 
correction being made in each case for the potas- 
sium present in extracellular fluid. These figures 
in columns 4 and 5 are derived from those in 
columns 2 and 3 by applying the formulae indi- 
cated in the table. The formulae are those rec- 
ommended by Peters (14), except that they have 
been modified to conform with more recent analy- 
ses of extracellular fluid as suggested by Gamble 


(15). It is obvious that in this type of experi- 
ment the values in columns 4 and 5 cannot possi- 
bly express actual changes in water balance of 
intracellular or extracellular water for the simple 
reason that these values during the 5 days covered 
by the table are all necessarily negative, even on 
the day when the water balance was positive. 
The values for “ preformed water ” have been 
carried over from the preceding table and placed 
in column 6. The figures in column 7 are carried 
over from the last column of Table V. Columns 
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8 and 9 arc self-explanatory and will be discussed 
later. 

DISCUSSION 

1* The txvo types of dehydration 

The results of these experiments in human be- 
ings substantiate the findings of Kerpel-Fronius 
in rabbits (1). It appears that the two types of 
dehydration in question differ from each other 
not only in mechanism of production but also in 
symptomatology and in the treatment indicated. 
In fact, about the only similarity between the two 
conditions is that implied by the term “ dehydra- 
tion.” 

The body is continually losing water insensibly 
by evaporation, frequently more than 1000 or 1200 
grams daily. This insensible water ordinarily 
contains a negligible amount of salt when sweating 
is avoided (16) and can, therefore, be considered 
essentially a loss of distilled water. If this loss 
plus the losses in urine and feces are not replaced 
by the water of food and drink plus the water 
available from other sources (water of oxidation 
and “preformed water ”), a condition of true de- 
hydration results, with thirst, oliguria, and a ris- 
ing blood non-protein nitrogen. There occurs a 
water shortage in all parts of the body, intra- 
cellular as well as extracellular. For if such de- 
hydration were assumed to be localized, let us say, 
to the extracellular portion of the body, we would 
then have a hypertonicity of the extracellular fluid 
ns compared to intracellular fluid. The laws of 
membrane equilibrium demand that the diffusible 
particles shift until osmotic equilibrium is reached. 
But since the cell wall is not freely permeable to 
the most important ions, Na* and K + , this can 
°nly mean that water must pass out of the cells 
until equilibrium is reached. Thus, in water de- 
privation we are dealing with a diffuse, and not a 
localized dehydration. This concept fits in well 
with the fact that only slight changes were ob- 
served in the hematocrit during this type of dehy- 
dration (Figures 3 and 4). 

Id the salt-loss type of dehydration, on the 
other hand, we have a radically different state of 
affairs. As long as the water intake is adequate, 
do thirst occurs. There is no shortage of water 
as such. The deficiency of sodium, however, re- 
sults in a reduction in the volume of the extra- 


cellular fluid (2, 17, 18), which can be thought of 
as a localized type of dehydration. If we were to 
postulate that a large loss of sodium could occur 
without a resulting loss of extracellular water, 
we should then be postulating a hypotonicity of 
the extracellular fluid as compared to the intra- 
cellular fluid. Such a system would not be in 
osmotic equilibrium and, therefore, could not en- 
dure. Water would be forced to leave the extra- 
cellular spaces and either leave the body or pass 
into the cells, or both, until equilibrium were 
reached. The net result, therefore, would be a 
localized dehydration involving the extracellular 
fluid. Experimental evidence that this actually 
occurs has been presented by Darrow and Yannet 
(18). In Experiments IA and IB there was no 
thirst, and attempts to replace the depleted extra- 
cellular fluid with salt-free water merely resulted 
in a corresponding increase in urinary output. 
The manifestations of extracellular desiccation are 
those of peripheral circulatory failure. The re- 
duced extracellular volume includes a reduced 
plasma volume as indicated by a rise in the hemato- 
crit (Figures 1 and 2) . Such a reduction in blood 
volume results in apathy, weakness, fainting, 
anorexia, low blood pressure and, if the condition 
is allowed to progress far enough, to circulatory 
collapse. This “electrolyte shock/' as we have 
termed it, may be indistinguishable clinically from 
shock due to other causes, and is brought to mind 
by the realization that the patient has been losing 
appreciable amounts of electrolyte-containing 
fluid. If the blood pressure does not fall too 
low, and if the water intake is adequate, the 
urinary volume may remain normal, as was the 
case in Experiments I A and IB. 

Our results and interpretation of the experi- 
ments, here described, fit in very well with the 
demineralization experiments in dogs described by 
Darrow and Yannet (18). These authors dearly 
demonstrated the relationship of salt loss to ex- 
tracellular dehydration. They noted also that 
“thirst is not an obligator}" accompaniment of 
dehydration” and that “water intake and urine 
output may be normal in the presence of dehydra- 
tion.” 

An interesting and important practical question 
is the following : In the extracellular type of de- 
hydration, to what extent is the blood plasma 
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affected? One often hears the statement that in 
dehydration the plasma volume is protected by 
the existence of a large amount of fluid in the 
interstitial reservoir and that no reduction in 
plasma volume occurs until dehydration is quite 
advanced. The results of our experiments do not 
support this concept. In both of our salt deple- 
tion experiments we were impressed by the fact 
that evidence of hemoconcentration appeared 
within 24 hours after insertion of the Miller- 
Abbott tube and increased on each succeeding day 
until the tube was removed. We did not make 
actual determinations of plasma volumes in our 
subjects. However, if one considers the blood 
volumes of W. M. and E. B. to be 5250 and 4500 
cc., respectively (computed as 7.5 per cent of body 
weight), then, since the initial hematocrits were 
47.2 and 44.3 per cent, the estimated plasma vol- 
umes would be 2772 cc. for W. M. and 2506 cc. 
for E. B. If we use the change in hematocrit to 
indicate the change in plasma volume, we arrive 
at a reduction of 1101 cc. (or 39 per cent) for 
W. M. and 1008 cc. (or 40 per cent) for E. B. 
This would correspond to reductions in blood vol- 
ume of 21 and 22 per cent, respectively, reductions 
which are of sufficient magnitude to produce shock 
(19). These calculations give minimum values, 
as they are based upon the assumption that the 
total cell volumes remained constant, which was 
not the case since a considerable amount of blood 
was taken for the various blood tests (perhaps 200 
to 300 cc. during the period in question). 

It seems reasonable to conclude, therefore, that 
serious depletion of extracellular electrolyte causes 
a decrease in the volume of extracellular fluid, both 
interstitial fluid and plasma. This leads eventually 
to peripheral circulatory failure, but before this 
stage is reached a progressive hemoconcentration 
can be observed. Thus, frequent hematocrit and 
plasma protein determinations are of definite value 
in connection with the diagnosis and treatment of 
this type of dehydration, a fact which has been 
emphasized recently by Scudder (20) and by 
others (21, 22). 

2. Mixed type of dehydration 

It is very common to encounter patients with 
both the “ salt-loss ” and the “ water deprivation ” 
type of dehydration existing simultaneously. One 


of the most frequent causes of dehydration is 
vomiting, and this generally gives rise to the 
mixed type. However, this need not always be 
the case. If vomiting is slight and anorexia 
marked, it may lead to severe water deprivation 
without significant salt loss. On the other hand, 
if vomiting is marked and at the same time is 
characterized by remissions during which the pa- 
tient can drink, there may develop a severe elec- 
trolyte loss without water deprivation and with- 
out thirst. As a rule, vomiting by itself does not 
result in circulatory collapse, though it does pre- 
dispose to this condition. Since the ratio of so- 
dium to chloride is low in vomitus, severe deple- 
tion of sodium is not likely to occur early and 
therefore the presenting symptoms of a vomiting 
patient are more likely to be those associated with 
thirst and occasionally alkalosis. 

In diarrheal disease accompanied by vomiting, 
we also are likely to find a mixed picture, depend- 
ing upon which factors predominate in any given 
case. With diarrhea or ileostomy drainage the 
relative loss of fixed base is greater than in vomit- 
ing and, therefore, the likelihood of circulatory 
collapse is greater. 

If a patient with mixed dehydration is treated 
either by physiological saline alone or by glucose 
solution alone, the dehydration may then become 
converted into one or the other of the pure types. 
We have seen this actually happen. 

The fact that dehydration so commonly occurs 
in mixed form is probably responsible for much 
of the confusion- that exists. Most textbooks do 
not distinguish between the two types of dehydra- 
tion. We often encounter seemingly conflicting 
statements concerning the nature and treatment of 
dehydration when in reality the statements apply 
to entirely different conditions. 

3. Dehydration by means of total fasting 

Referring to Table V, it is interesting to note 
the figures for “ preformed water ” and how they 
are related to the water balance the first 3 days 
of the fasting period. While the glycogen stores 
in the liver are being used up, the corresponding 
preformed water becomes available and this tends 
to retard the dehydration. Definite thirst did not 
occur until noon of the second day. 

Another point of interest is the’ fact that on 
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the first day of recovery this subject gained 1257 
grams in weight, in spite of the fact that he was 
still fasting and losing solids from his body. He 
was losing solids in two ways. He excreted 44 . 5 
grams in the urine, and oxidized about 229 grams 
of protein and fat. We should expect, then, that 
the absolute gain in body water on that day ought 
to be close to the sum of these three figures, or 
1530.5 grams. Table VI gives essentially the 
same value in column S, namely 1538 grams. In 
other words, here is clear evidence, if any evi- 
dence is needed, that a thirsting individual can 
take up water and retain it without any con- 
comitant intake of electrolytes or of any other 
solid matter. Wiley and Wiley (23) came to the 
conclusion that a dehydration of about 1.5 per cent 
of the body weight can occur without great dis- 
turbance of salt balance. Our data indicate that 
a change in hydration amounting to at least 2 per 
cent of the body weight can occur without a 
corresponding change in salt or solid content. In 
fact, if we correct for the fact that solutes were 
being lost while water was being gained, as in 
column 9 in Table VI, we arrive at 1929 grams 
for the 24-hour period in question, or 2.7 per cent 
of the body weight. This clearly indicates that 
for short periods of time water balance cannot 
always be estimated accurately from balances of 
Na and K. 

As indicated in column 9 in Table VI, there 
was, during the 3 days of total fasting, a greater 
absolute reduction in the amount of body water 
than would be predicted purely on the basis of 
sodium and potassium balance. In other words, 
by the end of the dehydration period there was 
|n the body enough fixed base (Na and K) to 
hold " an additional 1919 grams of water. It 
is interesting to note that at the end of the fol- 
lowing day, during which time water was allowed 
ad libitum and during which time Na and K were 
sfili being excreted, the body had regained and 
retained 1929 grams of water, almost precisely the 
theoretically predicted amount. 

Once the subject was rehydrated, it was not 
Possible to hyperhydrate him by forcing water. 
The body weight curve seemed to be unaffected 
by attempts at hyperhydration, although it had 
been markedly affected by dehydration and rehy- 
dration. Of course, the subject was not allowed 


to drink for several hours immediately preceding 
each weighing, and was always weighed with an 
empty bladder. 

4. The signi fiance of thirst in dehydration 

As discussed, it is clear that thirst is not pres- 
ent in all types of dehydration. It is present in 
that type brought about by water deprivation. It 
may be completely absent in the extracellular, or 
salt-loss, type of dehydration. These facts fit in 
well with the concept that thirst depends upon 
cellular dehydration (24). 

5. Oliguria , anuria , and azotemia 

Oliguria, anuria and azotemia have long been 
considered common manifestations in dehydrated 
patients, but the type of dehydration referred to 
has generally not been specified. 

In the experiments described above it is note- 
worthy that in IIA and IIB, which illustrate the 
“ thirst ” type of dehydration, the daily volume of 
urine decreased to 510 cc. in one case and 430 
cc. in the other. It will be noted in Experiment 
IIB (Table IV) that the urine volumes on the 
3 days of water deprivation were 430, 450 and 
445 cc., respectively, the lowest volume occurring 
on the first day. Obviously, in this case the de- 
gree of oliguria is not an accurate index of the 
extent of the dehydration. In two similar cases 
reported by Coller and Maddock (25) there was 
no accurate correlation between the degree of 
oliguria and the extent of dehydration. It ap- 
pears that a certain minimum urinary volume is 
inevitable as long as blood pressure is high enough 
to insure glomerular filtration. On theoretical 
grounds we should rarely expect to find anuria 
from water deprivation alone. 

In Experiments IA and IB the urine volumes 
were normal at all times because water was being 
adequately supplied. These experiments were 
terminated before the blood pressures dropped to 
dangerousty low levels. It seems obvious that, 
if the salt loss had been allowed to continue until 
true shock occurred, the urine secretion might 
have ceased altogether for the simple reason that 
glomerular filtration cannot occur when the blood 
pressure is sufficiently low (26). It is a common 
observation that patients in profound shock usu- 
ally have anuria. 
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It seems reasonable to conclude that in the 
“ thirst ” type of dehydration associated with sim- 
ple water deprivation, oliguria should be expected, 
but not anuria ; while in the “ salt-loss ” type, 
urinary excretion may vary from the normal to 
complete anuria. 

Azotemia, when due to dehydration, is most 
simply explained as depending chiefly upon the 
degree and duration of the associated oliguria or 
anuria. The extent to which azotemia may de- 
pend upon other factors will not be discussed 
here. 

SUMMARY AND CONCLUSIONS 

1. Two distinct types of dehydration were pro- 
duced in normal human subjects. 

2. The results were quite comparable to those 
previously described in rabbits by Kerpel-Fronius 
and indicate that the two types differ from each 
other in mechanism of production, in manifesta- 
tions, and in the treatment indicated. 

3. Dehydration resulting from simple water 
deprivation is characterized by thirst and oli- 
guria, does not lead to impairment of the circula- 
tion, and is completely relieved by the adminis- 
tration of water. 

4. Dehydration resulting from abnormal salt 
loss results mainly in a loss of extracellular fluid, 
a reduction in plasma volume, and disturbances in 
the circulation. It is neither characterized by 
thirst nor relieved by the administration of salt- 
free fluids, but is promptly relieved by fluid 
containing sodium chloride. 

5. A detailed study was made of the balances 
of energy, water, sodium, and potassium during 
a period of total fasting and recovery. The re- 
sults indicate that during dehydration and recov- 
ery the balances of sodium and potassium do not 
necessarily correspond to the water balance over 
short periods of time. 

The authors wish to acknowledge the helpful advice 
given by Drs. L. H. Newburgh and C. F. McKhann 
throughout the course of this investigation. 
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It is generally agreed that the chronic cyanosis 
of congenital heart disease is due essentially to a 
venous-arterial shunt which permits venous or un- 
aerated blood to mix with arterial or oxygenated 
blood. The amount of shunt is the chief factor 
which determines the degree of cyanosis and the 
severity of the condition in a given instance. De- 
termination of the amount of the shunt in terms 
of percentage of the total blood flo\v is, there- 
fore, of great prognostic importance. Unfor- 
tunately, the methods for such determinations 
hitherto employed require data difficult to obtain 
and involve tedious gas and blood analyses. The 
values which have been recorded have been viewed 
with skepticism by the investigators themselves, as 
noted by Abbott (1). Even were the results 
trustworthy, these methods are unsuitable for 
clinical use because of their complexity and be- 
cause of the protracted and painful procedures 
they impose upon the patients. The method pro- 
posed in this communication is one of great 
simplicity; it involves but a single venipuncture, 
and requires but twenty minutes for its comple- 
hon. The procedure determines whether or not 
a venous-arterial shunt is present, indicates the 
approximate magnitude of the shunt, and provides 
a method for determining the true pulmonary cir- 
culation time. 

METHOD 

First procedure. A needle with a large bore (14 to 16 
gauge) is inserted into the antecubital vein. One-half 
^bic centimeter of a 50 per cent solution of ether is 
injected, and the exact interval between the time of 
injection and the moment when the patient feels a 
prickly, burning sensation in the face is recorded. All 
“Sections are made as rapidly as possible at the be- 
ginning of inspiration. In the absence of a venous-ar- 
terial shunt this facial sensation is not experienced be- 
cause all the ether is eliminated by the lungs. The 
occurrence of this sensation, on the other hand, testifies 

1 Endowed by grants from the Beaumont Trust Fund 

a nd Henry Dazian Foundation for Medical Research. 


to the entry of ether into the systemic circulation by way 
of the shunt (2). This ether circulation time thus 
measures the time that it takes for the blood to travel 
from the arm to the right side of the heart and thence 
by way of the shunt to the capillaries of the face. 

Second procedure . Beginning with 0.1 cc. of a 50 per 
cent solution of saccharine, successively larger injections 
are given until the smallest amount which the patient can 
taste is determined. If 50 per cent or more of the cir- 
culating blood enters the shunt, the saccharine threshold 
time will be equal approximately to the “ ether-shunt ” 
time because both test substances have reached the head 
via the short circuit. In such a case, the prognosis is 
grave and a precise figure is not necessary, so the test 
is completed at this point. 

If the saccharine threshold time is considerably longer 
than the “ ether-shunt ” time, it can be concluded that 
more than half the blood goes through the regular chan- 
nel and the approximate percentage can be calculated in 
the following manner. 

Third procedure. Successively larger amounts of sac- 
charine are injected. The times will remain fixed at the 
level of the threshold time and will exceed the 11 ether- 
shunt” time by the interval required for the blood to 
traverse the lungs. When the injection is large enough 
to permit a detectable quantity of saccharine to reach the 
tongue by way of the shunt, the circulation time will 
suddenly become conspicuously shorter than in the pre- 
vious estimations and will be found equal to the "ether- 
shunt” time. 

In order to understand the method of arriving 
at the principle of calculation of the magnitude of 
the shunt, it is necessary to add a few explanatory 
remarks. When the smallest amount of sac- 
charine that can be tasted is determined for a 
patient with a venous-arterial shunt of less than 
50 per cent, a certain amount of the saccharine 
enters the shunt and reaches the tongue, but the 
concentration is not sufficient to cause the mate- 
rial to be tasted. The true value for the threshold 
of taste in this instance, therefore, is not the total 
amount of saccharine injected, but that amount 
less the quantity which reaches the tongue by the 
short route, i.e., by way of the shunt. Except in 
the presence of complications, such as heart fail- 
ure or polycythemia, the circulation time thus 
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terial shunt this facial sensation is not experienced be- 
cause all the ether is eliminated by the lungs. The 
°ccurrence of this sensation, on the other hand, testifies 
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to the entry of ether into the systemic circulation by way 
of the shunt (2). This ether circulation time thus 
measures the time that it takes for the blood to travel 
from the arm to the right side of the heart and thence 
by way of the shunt to the capillaries of the face. 

Second procedure. Beginning with 0.1 cc. of a 50 per 
cent solution of saccharine, successively larger injections 
are given until the smallest amount which the patient can 
taste is determined. If 50 per cent or more of the cir- 
culating blood enters the shunt, the saccharine threshold 
time will be equal approximately to the “ ether-shunt ” 
time because both test substances have reached the head 
via the short circuit. In such a case, the prognosis is 
grave and a precise figure is not necessary, so the test 
is completed at this point. 

If the saccharine threshold time is considerably longer 
than the “ ether-shunt ” time, it can be concluded that 
more than half the blood goes through the regular chan- 
nel and the approximate percentage can be calculated in 
the following manner. 

Third procedure. Successively larger amounts of sac- 
charine are injected. The times will remain fixed at the 
level of the threshold time and will exceed the " ether- 
shunt ” time by the interval required for the blood to 
traverse the lungs. When the injection is large enough 
to permit a detectable quantity of saccharine to reach the 
tongue by way of the shunt, the circulation time will 
suddenly become conspicuously shorter than in the pre- 
vious estimations and will be found equal to the “ ether- 
shunt ” time. 

In order to understand the method of arriving 
at the principle of calculation of the magnitude of 
the shunt, it is necessary to add a few explanatory 
remarks. When the smallest amount of sac- 
charine that can be tasted is determined for a 
patient with a venous-arterial shunt of less than 
50 per cent, a certain amount of the saccharine 
enters the shunt and reaches the tongue, but the 
concentration is not sufficient to cause the mate- 
rial to be tasted. The true value for the threshold 
of taste in this instance, therefore, is not the total 
amount of saccharine injected, but that amount 
less the quantity which reaches the tongue by the 
short route, i.e., by way of the shunt. Except in 
the presence of complications, such as heart fail- 
ure or polycythemia, the circulation time thus 
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determined should be within normal limits, inas- 
much as that part of the saccharine which is 
ultimately tasted reaches the tongue in the usual 
manner, i.e., after traversing the pulmonary cir- 
culation. 

As previously stated, the saccharine circulation 
time is found to remain constant when increasing 
amounts are injected, until a point is reached 
when the circulation time is suddenly found to 
be conspicuously shorter. When this occurs, it 
signifies that a sufficient amount of saccharine 
has reached the tongue without traversing the 
pulmonary circulation and that the true threshold 
value for saccharine is now represented by the 
amount of this substance which reaches the tongue 
directly by way of the shunt. 

With these facts in mind, and the necessary 
determinations having been made, the amount of 
shunt in terms of percentage of total blood flow 
can be calculated with the aid of the following 
simple calculation: 


If A is the smallest amount of saccharine which 
can be tasted in the longer circulation time period, 
and C is the smallest amount of saccharine that 
can be tasted in the shorter time period-, then 


A 

A + C 


would equal the amount of shunt in terms 


of percentage of the total blood flow, which may 
be called k. It is not necessary to determine the 
actual threshold value of saccharine taste sensa- 
tion but only to note that it would be equal to 
either A — kA or to kC, which therefore equal 
each other. If A — kA — KC, then A — kC 

-f- kA or A — k(C + A) or k — ^ q— y 


This method also enables the observer to deter- 
mine the true pulmonary circulation time, i.e., the 
time required for the blood to travel from the 
right side of the heart to the left side of the 
heart by way of the pulmonary circulation. Inas- 
much as the longer (saccharine threshold) circu- 
lation time measures the time that it takes for 
the blood to travel from the arm to the tongue 
after traversing the lungs, and the shorter sac- 
charine circulation time measures the time that it 


takes for the blood to travel from the arm to the 
tongue without traversing the lungs, the difference 
between these two circulation times measures the 
time that it takes for the blood to traverse the 


pulmonary circulation. In the past it has been 
possible to determine the true pulmonary circu- 
lation time only by the complex radon seed 
method of Blumgart and Weiss (6) . The latter, 
however, cannot be used in the presence of a 
venous-arterial shunt. On the other hand, the 
method described in this paper is not suitable for 
cases without venous-arterial shunt. 

RESULTS 

The degree of shunt in cyanotic patients with 
congenital heart disease was determined in four 
instances (Table I). The shunt was less than 
50 per cent in each instance, necessitating the use 
of the third procedure. The percentage of shunt 
in each case was 11.8, 21, 13, and 21, respec- 
tively. The true pulmonary circulation times 
were 18, 10, 18, and 14 seconds, respectively. 
Since the total circulation times averaged 27.5 
seconds, the true pulmonary circulation time was 
approximately 65 per cent of the total circulation 
time. 

One patient (Case II) did not taste saccharine 
when administered intravenously and a 50 per 
cent solution of calcium levulinate was used, the 
cutaneous burning sensation being utilized as the 
end point. One subject had Hodgkin’s disease 
and died of this illness six weeks after the test 
was performed. At autopsy, in addition to the 
Hodgkin’s disease, a patent intraventricular septal 
defect was found, the right ventricle was hyper- 
trophied, the pulmonary artery was dilated to 
twice the size of the aorta, and marked pulmonary 
arteriosclerosis was present. Apparently, the 
greatly increased pressure in the right ventricle 
resulting from the pulmonary arteriosclerosis 
caused a venous-arterial shunt instead of the usual 
arterial-venous shunt through the septal defect. 
It was considered hazardous to make antemortem 
diagnoses in the other cases, but such precise in- 
formation is not necessary for this study. 

An example of the method follows (Case I) : 

First procedure 

0.3 cc. ether — prickly sensation of face, seventeen sec- 
onds. 

This demonstrates that a venous-arterial shunt is pres- 
ent. Seventeen seconds is the time required for the 
ether to travel from the arm through the shunt, avoiding 
the lungs, to the blood vessels of the face. 
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TABLE I 


Czx 

Age 

i 

Sex 

! 

Cya- 

nofia 

Red Wood 
count 

Hemo- 

globin 

Ether 

shunt 

time 

Lonrer 

circulation 

time 

(include 

pulmonary 

circulation) 

Smallest nmount 
of 50 per cent 
saccharine for longer 
circulation 
time period 

Shorter circulation time as 
determined by 50 per cent 
saccharine through shunt 
including pulmonary 
circulation 

Smallest 
amount of 
saccharine 
^ for shorter 
circulation time 

True : 
pulmo- 
nary 
circu- 
lation 
time 

Per- 

cent- 

age 

of 

shunt 






per cat 

itccr.it 

ttccndt 

cc. 

ttevni* 

cc. 

eeconds 

per 

cent 

I 

27 

M 

+4- 

8,720,000 

110 

17 

32 

0.4 

14 

3 

18 

113 

II 

17 

M 

+4- ; 

5,010,000 

■ 

10 

15 

1 

50 per pen t e ol u tio n o f 
calcium levulinatc 

5 

3.75 

50 per pent solution of 
calcium levulinate 

10 

21 

in I 

m 

M 

xa 

II 


11 

32 

1.0 

14 

7 

18 

i 

13 

IV 

23 

F 

1 - 

5,780,000 

E5 

14 

31 

0.8 

17 

3 

! 14 

21 


Second procedure 

0.1 cc. SO per cent saccharine. . . .not tasted. 

02 cc. SO per cent saccharine. .. .not tasted. 

03 cc. 50 per cent saccharine. .. .not tasted. 

0.4 cc. SO per cent saccharine. .. .sweet taste, 30 seconds. 
0.4 cc. 50 per cent saccharine. .. .sweet taste, 34 seconds. 
03 cc. 50 per cent saccharine... .not tasted. 

0.4 cc. SO per cent saccharine sweet taste, 35 seconds. 

The patient could not taste 0.3 cc. of a 50 per cent 
solution of saccharine, but always tasted 0.4 cc. ; 0.4 cc. 
is therefore the threshold volume. Since the saccharine 
threshold time (thirty to thirty-five seconds) is so much 
longer than the “ether-shunt” time (seventeen seconds), 
it can immediately be concluded that most of the blood 
goes through the lungs, by way of the normal circula- 
tion, and less than one-half of the cardiac output goes 
through the shunt. The approximate per cent can now 
be determined by injecting increasingly larger amounts of 
saccharine until the shorter circulation time is attained. 


Third Procedure 

2.0 cc. saccharine sweet taste, 32 seconds. 

2.5 cc. saccharine sweet taste, 31 seconds. 

2-75 cc. saccharine sweet taste, 32 seconds. 

3.00 cc. saccharine sweet taste, 14 seconds. 


From the determinations, it is apparent that in 2.75 cc. 
of 50 per cent saccharine, the volume going through the 
shunt was not sufficient to cause the taste sensation since 
the circulation time was 32 seconds. In 3.0 cc., however, 
enough of the solution went through the shunt to cause 
the sweet taste to occur at a time approximately equal 
to the “ether-shunt” time, and much faster than the 
previous injections. Since the taste threshold of sac- 
charine is 0.4 cc., the approximate volume of the shunt 
can now be determined by means of the formula: 


K = 


A 

A + C' 


Volume of shunt: 


0.4 


r= 11.8 per cent. 


0.4 -f 3.0 ' 

the true pulmonary circulation time can be determined 
y subtracting the shorter circulation time (fourteen sec- 


onds) from the total circulation time (thirty-two sec- 
onds), which excludes the pulmonary circulation. In this 
case, it is approximately eighteen seconds. 


DISCUSSION 

The shunt in all four patients is quite small 
and this undoubtedly explains the comparative 
well-being of these subjects in spite of the mal- 
formation of their hearts. The method is prob- 
ably not suitable for children unless they are 
able to cooperate. In the very few cases in which 
the shunt was determined previous to this study, 
larger figures were obtained (3, 4, 5). 

The prolongation of the circulation time in some 
of our patients may be due to the polycythemia. 
The effect of this factor on the circulation time 
has been previously noted (7). Persistent cyano- 
sis in those who have congenital heart disease is 
a result of (1) a septal defect in the presence of 
pulmonary stenosis, (2) a complete absence of the 
cardiac septa, or (3) the transposition of the great 
trunks. In addition, there are other rarer condi- 
tions which are occasionally responsible. The 
method described in this communication for de- 
termining the magnitude of the venous-arterial 
shunt does not indicate which of the above condi- 
tions exists in a given case. In the absence of 
characteristic findings in the cases herein reported, 
it was considered hazardous to make a precise 
anatomical diagnosis. 

This method cannot give exact figures if the 
shunt is greater than SO per cent, but the knowl- 
edge that a shunt of this degree exists is of suf- 
ficient value to make a precise figure unnecessary. 
The streaming of the saccharine through the lungs 
should be greater than that going directly through 
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the shunt. The solution going through the lungs 
becomes more diluted than that going through 
the shunt. This introduces an error, the magni- 
tude of which is unknown. This factor affects 
only the third, not the first two procedures. It 
is therefore apparent that, if the shunt is less 
than 50 per cent, the accuracy of the figure ob- 
tained can be considered only approximate, but 
this approximate value should be extremely useful 
from a prognostic point of view. 

CONCLUSIONS 

A simple method has been described for deter- 
mining the presence of a venous-arterial shunt in 
congenital heart disease, the magnitude of the 
shunt, and the true pulmonary circulation time in 
the presence of shunt. 

The author desires to thank Doctors E. Bogan, L. T. 
Bullock, B. Sachs, and W. P. Thompson for aid in this 
study. 
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In a previous study it was found that the liver? 
of patients with cirrhosis of tr.c liver contained 
much less vitamin A than did the Evers of normal 
subjects (I). The concentration of carotene vac 
slso lower in the livers of the patient? v::h dr- 
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the !;ver vitamin A. More recently. *»ve Itave ob* 
that the plasma levels of vitamin A arm 
carotene were lower in patients with cirrhost' of 
the liver than in normal subject? (2). Appsr- 
^tly, the lo*.v level ot vitamin A in the plasma 
reflected the diminished amounts o; vitamin A in 
the livers of patients with cirrhosis. This sug- 
gested that there might be an appreciable eiffer- 
ce m the plasma levels of vitamin A following 
we administration of a standard dose of vitamin 
A J? norm - subjects and to patients with cirrhosis. 

Observations were therefore made on a group 
01 norma! subjects, on 5 patients with cirrhosis, 
^ on a patient with acute catarrhal jaundice. 

e patients with cirrhosis gave histories of 
ohronic alcoholism. 
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orrurred it 9 and J2 hours, the determinations at these 
irt^nxh were omitted In the normals. 

Vitamin A, after extraction from the plasma, was de- 
termined in the photoelectric colorimeter, using antimony 
!r::*:?orr The method. with slight modifi cations, was 
•imilar to that rcj/ertH by Kimble (3), The carotene 
cvneentraEvn was determined in the photoelectric color- 
imeter by the method described by Stueck c/ o/. (4). In 
order to calculate the concentration of vitamin A in the 
plasma in U.S.P. units, calibration curves were done, 
using a standard U.S.P. reference oil that contained 1700 
U.S.P. unit? of vitamin A per gram. Calibration curves 
were ri r o done for beta -carotene with antimony tri- 
chloride. To correct for the blue color due to carotene 
in the extracted plasma, the concentration of carotene in 
the petroleum ether extract of the plasma was deter- 
mined and subtracted from the galvanometer reading for 
the total blue value obtained. The result gave the value 
for vitamin A. 


RESULTS 

The effects of the cod liver oil concentrate on 
the plasma levels of vitamin A and carotene are 
summarized in Table I. Figure 1 shows the in- 
dividual plasma levels or vitamin A in the normal 
subjects receiving 100,000 U.S.P. units of vitamin 
A and in the 5 patients with cirrhosis of the liver. 

Following the administration of 20,000 U.S.P. 
units of vitamin A to the 4 normal subjects, there 
was a rise in the plasma level of vitamin A, which 
occurred in 3 cases after 6 hours and in 1 case 
after 3 hours. The average increase in the 
plasma level was 84 U.S.P. units. After 12 hours 
the plasma levels in all 4 cases had returned to 
about the original fasting levels. During this time 
there were no changes in the plasma levels of 
carotene. In fact, the carotene remained quite 
constant. 

The 8 other normal subjects each received 
100,000 U.S.P. units of vitamin A. Following 
this dose there was a much sharper increase in 
the plasma levels of vitamin A, as is shown in the 
figure. The peak of this increase was reached 
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TABLE I 

Effect of large doses of vitamin A in the form of a cod liver oil concentrate on the plasma levels of vitamin A in normal subjects, 
in patients with cirrhosis of the liver and in a case of acute catarrhal jaundice 


Group 

Num- 

ber 

of cases 

Vitamin A 
dosage 

Plasma vitamin A ( USP units per 100 cc.) 

Plasma carotene {mgm. per cent) 

Hours after cod liver oil taken 

Hours after cod liver oil taken 

0 

3 

<5 

9 

12 

24 

0 

3 

6 

9 

12 

24 



USP units 








i 





Normals 


20,000 


190 

214 

165 

154 

151 

0.148 


0.148 

0.148 

0.148 

El a 

Normals ........ 

8 ! 

■III 1 MB 


423 

374 

243* 

210* 

172 

0.110 

■inn 

0.109 



III il 

Cirrhosis 

5 

Bu i ini 

@ 

141 

111 

84 

74 

47 

0.079 

0.073 

0.076 

0.075 

0.075 

fcusi 

Acute catarrhal j 



— y i 
. i 

1 











jaundice 1 

1 


63 

i 

95 

j 

118 

105 

105 

i 

0.040 

0.040 

0.035 

0.035 

0.035 

0.035 


* Average of 2 cases. In subsequent curves the 9- and 12-hour determinations were omitted, since it was clear that 
no further rise of the plasma level occurred after 6 hours. 


after 3 hours in 5 of the cases and after 6 hours 
in 3 cases. At the end of 24 hours the plasma 
levels were at or only slightly above the original 
fasting values. The average total increase in the 
plasma level of vitamin A after the ingestion of 
100,000 U.S.P. units was almost four times as 
great as the average increase after the ingestion 
of 20,000 U.S.P. units of the vitamin. The ad- 
ministration of this large dose of vitamin A in 
the form of a cod liver oil concentrate had no 
effect on the plasma levels of carotene in any of 
the subjects. 

In the 5 cases of cirrhosis of the liver and in 
the 1 case of acute catarrhal jaundice the larger 
dose of vitamin A was given (100,000 U.S.P. 
units). None of the patients with cirrhosis was 
jaundiced, but 4 of them had ascites. In 3 of 
the 5 cases, the fasting levels of vitamin A in the 
plasma were very low, i.e., 18 to 48 U.S.P. units 
per 100 cc. of plasma, and in the other 2 cases 
the fasting plasma levels were below the normal 
range of 88 to 188 U.S.P. units per 100 cc. of 
plasma, which we have previously observed (2). 
The ingestion of 100,000 U.S.P. units of vitamin 
A was followed by a rise in the plasma levels 
of vitamin A in the patients with cirrhosis, but 
the increase was much less than that which oc- 
curred in the normal subjects following the same 
dose. The peak of the increase occurred in most 
of the cases at the third hour and averaged 99 
U.S.P. units, whereas in the normal subjects the 
average increase was 318 U.S.P. units per 100 cc. 
of plasma. In the patients with cirrhosis, as in 
the normals, the plasma levels of vitamin A re- 


turned to about the original values after 24 hours. 
There was no change in the plasma levels of caro- 
tene during the time of the observations. In all 
the patients with cirrhosis the plasma levels of 
carotene were lower than in the normal subjects. 

In the one case of jaundice unassociated with 
cirrhosis of the liver, the response to the inges- 
tion of 100,000 U.S.P. units of vitamin A was 
similar to that observed in the patients with cir- 
rhosis (Table I). The total rise in the plasma 
level of vitamin A was 55 U.S.P. units per 100 
cc. of plasma. In this patient the level of caro- 
tene was very low, 0.040 mgm. per cent, and 
the administration of the cod liver oil concentrate 
had no effect on the level of carotene. 

The amount of the cod liver oil concentrate 
used was only 5 cc., so that it seemed unlikely that 
the diminished response in the plasma level of 
vitamin A in the patients with cirrhosis of the 
liver was due to any impairment in absorption. 
However, to rule this question out and to satisfy 
ourselves that patients with cirrhosis of the liver 
could be saturated with vitamin A, one patient 
with cirrhosis was fed 300,000 U.S.P. units of 
vitamin A daily. The plasma level before vita- 
min A was begun was 40 U.S.P. units per 100 cc. 
After 3 days the plasma level rose to 118 U.S.P- 
units per 100 cc. Vitamin A was continued in 
doses of 100,000 U.S.P. units daily for 9 weeks 
and then, following the test dose, the plasma 
levels of vitamin were determined at the usual 
intervals. The level of vitamin A in the plasma 
rose 220 U.S.P. units. This response, although 
not quite as great as the average observed in the 
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The administration, however, of 100,000 U.S.P. 
units of vitamin A to patients with cirrhosis of 
the liver resulted in a much smaller rise in the 
plasma levels of the vitamin than in the normal 
subjects. This result was not unexpected in view 
of the previous observation that the concentration 
of vitamin A in the liver was decreased in pa- 
tients with cirrhosis of the liver (1). Undoubt- 
edly, a greater portion of the ingested vitamin 
was retained by the liver in the patients with 
cirrhosis than in the normal subjects. It seemed 
probable that certain other pathological conditions 
of the liver might also influence the liver stores 
of vitamin A. This was suggested by the fact 
that, in the patient with acute catarrhal jaundice, 
the plasma level of vitamin A was low and the 
response to the test dose was similar to that ob- 
served in the patients with cirrhosis. 

In neither the normal subjects nor in the pa- 
tients with cirrhosis of the liver were the levels 
of carotene in the plasma changed following the 
administration of the cod liver oil concentrate. 
There was no carotene in the concentrate and, 
apparently, the level of carotene in the plasma will 
only be altered when carotene itself is adminis- 
tered. 

Pett and LePage have reported (5) a definite 
correlation between the vitamin A level in the 
blood and the visual test for vitamin A deficiency. 
Haig et al. (6) noted that, in patients with cir- 
rhosis of the liver, there was an impairment in 
dark adaptation. Our findings, therefore, of a 
low plasma level of vitamin A in patients with 
cirrhosis of the liver would fit in with the obser- 
vations of Haig, Hecht and Patek and would cor- 
roborate the observations of Pett and LePage that 
there is a correlation between the vitamin A level 
in the blood and the visual recovery time. In 
later work Patek and Haig (7) reported that 
dark adaptation was improved in patients with 
cirrhosis of the liver following the feeding of 
vitamin A in the form of cod liver oil. This also 
fits in with the results that we obtained in the 
one patient with cirrhosis of the liver who, fol- 
lowing the daily ingestion of cod liver oil, had a 
normal plasma level of vitamin A and a normal 
response to a standard dose of the vitamin. 

The results obtained in these studies suggest 


that there is a deficiency of vitamin A in patients 
with cirrhosjs of the liver which is reflected in the 
low plasma level of vitamin A. This deficiency 
may be partly due to the liver damage and it may 
also be due to the fact that vitamin A is normally 
ingested in the form of its precursor carotene 
which, in the presence of liver damage, may not 
be converted to vitamin A. 

The administration of standard doses of vita- 
min A to normal subjects and to patients with 
cirrhosis of the liver serves as a “ tolerance test.” 
This procedure might well be used as a measure 
of vitamin A deficiency in patients with cirrhosis 
of the liver or in patients with liver damage. 

SUMMARY 

Standard doses of cod liver oil in the form of 
a cod liver oil concentrate were given to 12 nor- 
mal subjects, to 5 patients with cirrhosis of the 
liver and to 1 case with acute catarrhal jaundice. 
Four of the normal subjects received a dose of 
20,000 U.S.P. units of vitamin A and 8 received 
a dose five times as great (100,000 U.S.P. units 
of vitamin A). The larger dose resulted in a 
greater increase in the plasma levels of vitamin A 
determined at intervals over a 24-hour period. 

The patients with cirrhosis of the liver and the 
patient with jaundice were given 100,000 U.S.P. 
units of vitamin A. The rise in the plasma level 
of vitamin A, compared to the rise which oc- 
curred in the plasma levels in the normal subjects, 
was much less in the patients with liver damage. 

The results suggest that a test of this type may 
serve as an index of the degree of vitamin A 
deficiency in patients with cirrhosis of the liver or 
with other diseases of the liver. 

The findings of a low plasma level of vitamin 
A in patients with cirrhosis of the liver fit in 
with the previous observations of a lowered con- 
centration of vitamin A in the livers of such 
patients. 
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Fig. 1. Hemodynamic Effects of a Single Intra* 
venous Injection of Angiotonin 


Ps — Pd/DPmd (where Ps is the systolic pressure, Pd 
the diastolic pressure, D is duration of arterial diastole 
or of the fall of pressure in the arterial pulse, and Pmd 
is the mean pressure during D ), and since y n R = E n , as 
shown below 2 , En — R {Ps — Pd/DPmd) . E n is ex- 
pressed as dynes/cm. a 

We wish to acknowledge our debt to Dr. Seth Hirsh 
and Mr. Myron Schwartzchild of the Department of 
Roentgenology of this School for aid and direction in the 
study of the effect of angiotonin on heart size and pulsa- 
tion. Kymoroentgenograms and cardiocairograms were 
obtained before administration of the drug and again at 
the height of the pressor effect. The cardiocairogram 
was timed to picture the heart shadow in mid-diastole. 

RESULTS 

Figure 1 illustrates the changes which occurred 
to a greater or lesser degree in all experiments. 
Peripheral resistance and mean arterial pressure 
rose consistently, with an increase in pulse pres- 
sure. In the experiment illustrated, stroke vol- 

tion of natural gamma, 7„, which is practically most useful. 
In the determination of 7 n , the diastolic stroke flow (t) 
is zero: 

Is >'«*" - // ( f + \ ) * - SI < P ' + *«<“ - 

where *S is time of systole and T is the end of the pulse 
period. 

Ss ( P')dt P. - Pd 



where P. is systolic pressure, Pa is diastolic pressure, 
Pdt is the product of mean pressure during fall of 

pressure from systolic peak to end of diastole and duration 
of this fall of pressure. 

Thus it can be seen that E n = y n R. 


ume decreased — though this was not invariably 
the case, some subjects showing virtually no change 
— and in no instance did stroke volume increase. 

BP, blood pressure (Hamilton manometer) in mm. 
Hg ; R, peripheral resistance ; E„, efficient elasticity modu- 
lus; SV, stroke volume; HR, heart rate; CO, cardiac 
output. The arrows at the top indicate points at which 
the ballistocardiographic and manometric records were 
recorded or read. 

Because of uncertainties in the absolute values of the 
stroke volume, as determined by the ballistocardiograph, 
this measurement and all dependent measurements (CO, 
E n , and R) are expressed as percentile changes relative 
to the respective control values. 

In four single injection experiments, cardiac 
output was substantially reduced, the reduction 
being the result of decreased heart rate, which 
was invariable, and such reduction in stroke vol- 
ume as may have been present. With a single 
exception (which is shown in Figure 3), E n in- 
creased markedly, indicating decreased distensibil- 
ity of the central arterial reservoir. 

Figure 2 illustrates the effect of the continuous 
infusion of angiotonin (three experiments). The 
hemodynamic changes were similar to those in- 
duced by a single injection, except that brady- 
cardia is not evident and the decrease in cardiac 
output is rather less. 

X-ray studies of the heart shadow in four addi- 
tional subjects following intravenous injection of 
angiotonin revealed no consistent changes, two 
subjects showing a slight increase in all diameters, 
one showing no change, and one showing a slight 



Fig. 2. Hemodynamic Effects of the Continuous 
Intravenous Infusion of Angiotonin 

Symbols same as in Figure 1. 
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Fig. 3. An Anomalous Instance Where E n Was 
Apparently Decreased After Angiotonin 

A possible explanation is discussed in the text. 

decrease in all diameters. However, kymoroent- 
genograms showed a consistent decrease in ampli- 
tude of ventricular waves, which was marked in 
three cases, amounting to as much as 50 per cent. 
This apparently indicates a decreased emptying 
of the heart and, since the diastolic volume was 
not appreciably increased, a decrease in stroke 
volume. This qualitatively confirms our observa- 
tions with the ballistocardiograph. There was 
little change in amplitude of auricular waves. 

An interesting change in pulse pressure con- 
tour, consisting of the development of a secondary 
pre-dicrotic wavelet which was apparently a re- 
flected wave, made its appearance approximately 
ten seconds after injection of the drug. This 
change was often associated with sudden, marked 
slowing and irregularity of the pulse. 

No change in the electrocardiogram was ob- 
served. 

DISCUSSION 

Our data show that in man angiotonin is a 
definitely pressor substance, producing an eleva- 
tion in systolic, diastolic and mean pressure, with 
a widening of pulse pressure. The increase in 
blood pressure appears to arise out of the in- 
creased peripheral resistance, presumably occa- 
sioned by arteriolar constriction in as yet unde- 
termined sites. 

The efficient elasticity modulus (E n ) Is found 
to increase in every case save one (Figure 3), 
which will be discussed below. This indicates 
that the distensibility of the central arterial reser- 


voir decreases following the administration of 
angiotonin. It is, however, uncertain what fac- 
tors operate to bring about this change. It may be 
that angiotonin acts upon the smooth musculature 
of the central arteries in the same manner that 
it acts upon the arterioles, increasing the rigidity 
of these arteries and thereby decreasing their 
distensibility. It is, however, well known that 
the distensibility of arteries decreases with increas- 
ing distention, and it may be expected that, when 
the resistance to outflow from the central arteries 
is increased by vasoconstriction, the cardiac out- 
put remaining relatively constant, increased dis- 
tention of these arteries will occur and will be 
reflected in an increase in E n . It is difficult at 
the present time to differentiate between these 
alternative explanations. It may be noted that if 
angiotonin acts directly on the central arteries to 
decrease their distensibility (in the sense of active 
contraction), we would expect their distensibility 
to be reduced more than would be the case if 
increased filling were the only factor. Compari- 
son of our data with the curves published by 
Bramwell, McDowall and McSwiney (9) for 
muscular arteries reveals that the decrease in 
distensibility in our data is less than is to be 
expected from the equivalent changes in diastolic 
pressure. This fact might be interpreted as in- 
dicating that the distensibility-volume relations are 
different in the central arterial reservoir and the 
muscular arteries studied by Bramwell, McDowall 
and McSwiney, in which view any direct action 
of angiotonin on these arteries must be slight. 
We cannot, moreover, rule out a reflex mechanism, 
such as that observed in the dog by Dow and 
Hamilton (10), which on elevation of blood pres- 
sure increases the distensibility of the aorta. In 
any case the increase in pulse pressure observed 
in all subjects, and illustrated in Figures 1 and 2, 
is entirely the result of the change in distensibility 
of the central arterial reservoir, whatever its 
origin, and not the result of an increase in stroke 
volume. 

We have mentioned that on one occasion (Fig- 
ure 3) E n fell following administration of one cc. 
of angiotonin intravenously. Two cc. in the same 
individual caused an elevation of £ n . It does 
not seem likely that distensibility of the central 
arterial reservoir increased in the face of disten- 
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tion in this reservoir, as revealed by a slight ele- 
vation of diastolic pressure ; it is more likely that 
this case emphasizes the desirability of caution in 
interpreting mathematical analysis of the physio- 
logical forces which are involved. The calculated 
values involve several assumptions and yield what 
at best are only approximations which are useful 
for showing directional changes and indicating 
the magnitude of these changes. For example, 
the determination of y n is apparently valid only in 
pulse pressure curves which show a slight-to- 
moderate degree of dicrotism, since the occurrence 
of a marked dicrotic notch causes an apparent 
decrease in Pmd, thus elevating E n . With the 
exception of the subject illustrated in Figure 3, 
the pulse pressure curves analyzed here have 
shown only a slight dicrotism, but in that subject 
dicrotism occurred to a marked degree during the 
control period, associated with marked hypoten- 
sion. Consequently, the control values of E n are 
relatively high, and fall abruptly to a lower level 
after angiotonin, when dicrotism is reduced. 
Thus the change in pulse form (degree of dicro- 
tism) may explain the apparent drop in E n fol- 
lowing the administration of angiotonin. Had 
excessive dicrotism not been present in the control 
periods, the control value of E n might have been 
much lower and the changes following angiotonin 
might have resembled those observed in the other 
subjects. 

The validity of E n as an index of elasticity 
changes is supported by the fact that conversion 
of this value to pulse wave velocity, using Bram- 
well and Hill's (11) equation where pulse wave 
velocity = 3.57/Vper centile distensibility, gives 
velocities similar to those found in the literature 
(12, 13) for the central arteries. In addition, 
Aperia (8) has shown that E n increases with age, 
an expected physiological result not obtainable by 
other indirect measurements of elasticity. Fur- 
ther studies of the relation between pulse wave 
velocity and E n are in progress. 

Bradycardia has in nearly every case been the 
chief cause for the reduction in cardiac output; 
presumably, the bradycardia represents vagal slow- 
ing, elicited through the carotid sinus and aortic 
depressor reflexes. Where the pressure rises 
slowly (Figure 2) no bradycardia ensues. In no 
instance did stroke volume increase, a rather sur- 
prising result since Wilkins (personal communi- 


cation) has found a marked increase in cubital 
venous pressure, and Cournand and Ranges (un- 
published data) have found a marked rise in right 
auricular pressure, after angiotonin administra- 
tion. Since x-ray studies fail to show cardiac 
dilatation, it is inferred that the failure of the 
’heart to increase its stroke volume in the face of 
increased venous pressure is attributable to in- 
creased “ cardiac tone.” This conclusion is fur- 
ther supported by the demonstration of decreased 
diastolic size of the isolated mammalian heart in 
response to angiotonin (3). 3 

SUMMARY 

1. Cardiac output, mean arterial pressure, pe- 
ripheral resistance and efficient elasticity modulus 
have been determined following intravenous ad- 
ministration of angiotonin. 

2. In all experiments, mean arterial pressure 
and peripheral resistance rose sharply. The pulse 
pressure tended to widen. With one exception, 
the efficient elasticity modulus rose sharply. Car- 
diac output fell as a result of a marked brady- 
cardia. There was little change in stroke volume 
and, where a change occurred, it was in the direc- 
tion of a decrease. Response to small single in- 
jections and to continuous intravenous infusions 
differed only in the absence of bradycardia in the 
latter. 

3. Kymoroentgenogram and cardiocairogratn 
studies revealed little change in heart size. How- 
ever, there was present a consistent decrease in 
amplitude of ventricular waves. 

4. It is concluded that angiotonin acts directly 
upon the musculature of the cardiovascular sys- 
tem, producing arteriolar vasoconstriction and pos- 
sibly increased “ cardiac tone.” Whether the dis- 
tensibility of the central arterial reservoir is spe- 
cifically decreased by angiotonin, or whether the 
observed change is attributable simply to increased 
distention of the central arteries, cannot be an- 
swered with certainty from the present data. 

We wish to acknowledge our indebtedness to Miss 
Betty J. Crawford for her aid in computations. 

8 Wilkins and Duncan (J. Gin. Invest., 1941, 20, 442) 
have shown that angiotonin decreases the vital capacity. 
The above discussion should perhaps be qualified in the 
light of this fact. Concerning cardiac tone see Bibliog- 
raphy (14). 
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It is now established that sustained arterial 
hypertension can be produced experimentally in 
animals by interference with the blood supply of 
the kidney (1, 2, 3). Furthermore, this experi- 
mental hypertension can be relieved either by 
removing the interference or by excising the entire 
offended kidney (3, 4). There seems little doubt 
that this type of hypertension has a clinical coun- 
terpart in the naturally occurring hypertension of 
certain patients whose arterial pressure has been 
lowered after removal of an “ ischemic ” kidney 
(5 to 9), 

It has also been demonstrated that the experi- 
mental hypertension associated with renal u is- 
chemia ” is humoral in nature (4, 10, 11), and 
probably due to the release of abnormal amounts 
of pressor substances by the offended kidney (11, 
12, 13). This revived interest in the original 
work of Tigerstedt and Bergman (14) who in 
1898 prepared from kidneys a pressor extract 
which they called u Renin.” Modem methods of 
purification and analysis have revealed that the 
pressor agent in Renin is probably an enzyme (15, 
16) which reacts with a pseudoglobulin fraction 
of blood to form a vasoconstrictor substance 
called “ Angiotonin ” (17) or “ Hypertensin ” 
(18). 

Evidence is accumulating that a vasoconstrictor 
substance similar to, if not identical with, “ Angio- 
tonin ” or “ Hypertensin ” is present in abnormal 
amounts in the blood of animals with experi- 
mentally produced renal “ ischemia ”, and of cer- 
tain patients with naturally occurring hyperten- 
sion (18, 19, 20). Therefore, it has been postu- 
lated that in these instances Angiotonin may be 
the humoral agent responsible for the elevated 
arterial pressure. These considerations made it 
seem essential to determine whether the adminis- 

# 1 ^resented before The Society for Clinical Investiga- 
tion at the annual meeting at Atlantic City, May 5, 1941. 


tration of Angiotonin to normal subjects would 
produce arterial hypertension similar to that ob- 
served clinically in human cases. 

METHODS 

The Angiotonin 2 was administered intravenously, either 
full strength in single injections ranging from 0.1 cc. to 
2 cc., or as a 10 per cent solution (in saline) constant 
infusion at rates up to 5 cc. per minute. 

Arterial pressure was determined by the Hamilton 
manometer (21) in the femoral artery, or by the usual 
auscultatory method in the brachial artery. Venous pres- 
sure was measured in the antecubital vein either by the 
Hamilton manometer or by the method of Moritz and 
von Tabora (22). Pulse rate was counted from one of 
the several tracings obtained. 

Temperature of the skin was measured by’ thermal 
junctions lightly attached to the skin by adhesive strips. 
Usually the pads of the fingers and toes, and occasionally 
points on the face, chest or forearms were selected for 
temperature measurements. Rectal temperature was de- 
termined by a thermal junction inserted at least 5 cm. 
above the internal rectal sphincter. The galvanometer 
allowed the detection of changes of 0.1° C. The room 
was draught-free and was maintained at a temperature 
as constant as possible. 

Blood flow in the hand, forearm or calf was measured 
plethysmographically (23, 24). Measurements were made 
both in the normal resting condition, and also after full 
local vasodilatation had been induced by a 5-minute pe- 
riod of arterial occlusion (25). The latter type of meas- 
urements have been termed “reactive-hyperemia blood 
flows." Three minutes were allowed for recovery be- 
tween each 5-minute period of arterial occlusion when 
such measurements were being made. 

Circulation time was determined by the sodium cyanide 
method (26). Cardiac output was estimated in both the 
supine and erect positions on the ballistocardiographs of 
Dr. Isaac Starr (27), who very kindly made the records 
and did the calculations. Spinal fluid pressure, vital 
capacity, electrocardiograms, teleoroentgenograms and 
kymograms were obtained by the usual techniques. Dur- 

2 The Angiotonin was prepared and generously sup- 
plied by Dr. Irvine H. Page and his co-workers at the 
Lilly Laboratory for Clinical Research, Indianapolis, 
Indiana. 
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TABLE II 

Intravenous infusions of 10 per cent solution of angiotonin 
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* Circulation times: Before, 20 seconds; after, 23 seconds. Subject cool, 
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ing the x-ray studies care was taken to prevent any 
movement of the subject in relation to the plates. 

After all apparatus had been adjusted, at least half an 
hour was allowed to elapse before any Angiotonin was 
administered. Special precautions were taken to prevent 
the subject’s knowing what was being given by sub- 
stituting " blanks ” of saline in cases of single injections 
or by changing from saline to Angiotonin, or vice versa , 
through a 3-way stop-cock during an intravenous infu- 
sion. Whenever an infusion apparatus was in place, as 
for measurements of venous pressure, single injections 
were made into the rubber tubing instead of directly into 
a vein. All venipunctures were rendered painless by ante- 
cedent novacainization. 

The subjects were young adults without any evidence 
of cardiovascular disease (Tables I and II). They were 
studied usually in the recumbent position and were com- 
fortably warmed by blankets and, if necessary, by electric 
heating pads. The warming was usually so regulated 
during the control period that vasodilatation occurred in 
the hands as shown by a temperature of 33° to 35° C. in 
the finger pads. The toes usually remained cool. This 
state represents one of moderate peripheral vasodilatation 
in which further vasodilatation would be apparent by an 


increase in temperature of the toes, or vasoconstriction fy 
a decrease in temperature of the fingers. The cold tes 
of Hines and Brown (28) was done by immersing tin 
subject’s hand in iced water (4° C) for 1 minute. 

RESULTS 

Angiotonin was administered intravenously bj 
single injection 150 times in 40 subjects (Tabk 
I) and by continuous infusion 14 times in 14 sub- 
jects (Table II), Some 15 to 30 seconds aftei 
an injection of Angiotonin, arterial pressure be- 
gan to rise, and in about 2 minutes reached its 
peak, the height of which, in a given subject, was 
roughly proportional to the amount of Angiotonin 
injected. The systolic pressure rose somewhat 
more than the diastolic, resulting in an increase 
in pulse pressure (Figures 1, 2, 3). This increase 
in pulse pressure was always apparent in the rec- 
ords obtained with the Hamilton manometer 
(Figure 1). In some cases when the auscultatory 
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Fig. 2. Effects of an Intravenous Injection of 
Angiotonin on Pulse Rate, Arterial Pressure, Ve- 
nous Pressure, Vital Capacity and Skin Tempera- 
ture of the Left Great Toe (L T,) and of the Left 
Third Finger (L F 3 ) of a Normal Subject (B. Z.) 

At 5% minutes (interrupted vertical line) 2 cc. of 
Angiotonin were administered. 


method was used, it was difficult to determine 
accurately the associated systolic and diastolic 
pressures, because of the bradycardia and also 
because of a muffling of the first sounds coming 
past the cuff. 

There was bradycardia (Tables I, II, Figures 
1 2, 3) with pulse rates often as low as 55 per 
minute. This bradycardia could be prevented by 
atropine. After atropinization (2 mgm. intra- 
venously) Angiotonin did produce slight slowing 
of the pulse initially, but this was immediately 
followed by an acceleration of the pulse to or 
above its control level (Table I, Figure 4). In- 
cidentally, the hypertensive effect of a given dose 
of Angiotonin was greatly enhanced after atro- 


P1 With the rise of arterial pressure after Angio- 

. bvrssurc also rose, but more slowly, 

tonin, venous picssui 

about 1 minute after the maxi- 

T surc ? b,es '■ "■ Fig - 

ures 1, 2, 3). y ° became visible more dis- 
the neck- veins ottui 

tended. 


Respiration usually quickened slightly, but there 
was never any subjective sensation of dyspnea. 
However, the vital capacity decreased significantly 
(Tables I, II, Figures 2, 3). 

Rectal temperature was never significantly af- 
fected by the administration of Angiotonin but 
the temperature of the skin usually decreased 
slightly (Tables I, II, Figures 2, 3). In many 
subjects definite pallor was apparent. Angio- 
tonin when injected intradermally (0.1 cc.) in 5 
subjects produced definite local blanching, but not 
so marked or widespread as that produced by a 
solution (1:1000) of epinephrine (0.1 cc.). 

Blood flozv in the limbs usually decreased mod- 
erately, but not always (Tables I, II). Charac- 
teristically, in the limbs the response was phasic, 
consisting of an initial increase in blood flow, fol- 
lowed by a decrease and finally a return to the 
control level (Figure 5). The changes in volume 
of the limbs always reflected the alterations in 
blood flow. 

Some interest was attached to the nature of the 
initial increase in blood flow which occurred in 
the limbs after an intravenous injection of Angio- 
tonin, since evidence was obtained that the local 
action of Angiotonin is vasoconstrictor: Minute 
amounts (up to 0.1 cc.) of Angiotonin injected 
directly into the femoral artery of 4 subjects 
caused only vasoconstriction locally in the calf 
(Figure 6). The initial vasodilatation after in- 
travenous injection appeared simultaneously in 
the forearm and calf with the first rise of arterial 
pressure (Figure 5) and often before the expected 
arrival of the Angiotonin in the part, as calcu- 
lated from the circulation time. The appearance 
and amplitude of this increase in blood flow were 
not directly related to the size of the dose of 
Angiotonin or to the height to which the arterial 
pressure subsequently rose. These facts sug- 
gested that this initial vasodilatation was due to 
some mechanism other than the local action of 
Angiotonin. That it probably was the result of 
sympathetic vasomotor activity was demonstrated 
in a subject with a unilateral (right) cervical 
sympathectomy performed 9 years previously for 
epilepsy. In this subject the intravenous admin- 
istration of 0.15 cc. of Angiotonin produced the 
initial vasodilatation in the normally innervated 
forearm, but only vasoconstriction in the sympa- 
tectomized forearm (Figure 7). 
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Fic. 3. Effects of an Intravenous Infusion of Axgiotonix on Pulse 
Rate, Arterial Pressure, Venous Pressure, Vital Capacity, and Skin 
Temperature of the Right Great Toe of a Normal Subject (\V. L.) 

At 6Vj minutes (first interrupted vertical line) the infusion of a 30 per cent 
solution of Angiotonin was begun, at a rate of 5 cc. per minute. Symptoms 
noted by the subject are recorded. At minutes (second interrupted vertical 
line) the infusion of Angiotonin was ended. 
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Spinal fluid pressure measured either in the 
lumbar or cisternal space of 5 subjects was not 
significantly altered by injections of Angiotonin 
which caused marked rises of arterial pressure 


(Table I). A small rise (20 mm. H 2 0) in spinal 
fluid pressure usually occurred, but this amount 
of change, or more, could be produced by ques- 
tioning the subject, or by bis changing his re- 
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L7 2.4 2.3 3.4 0.8 0.5 1.8 2.0 2.3 2.3 


120/70 120/70 120/70 134/100 142/110 158/110 172/114 164/110 160/106 160/104 

SUBJECT WARM PLETHYSMOGRAPHS 32° 


2.6 2.7 

' . vft 1 tft-. t V! ' y ^ITl 

15 6/98 154/90 


Fig. 5. Effects of an Intravenous Injection of Angiotonin on the Pletiiysmograpiiic Tracings of 
Blood Flow to the Left Forearm and Left Calf of a Normal Subject (H. B.) 

The first sharp rise of each tracing of blood flow (especially marked in the calf) is due to the displacement 
of tissue into the plethysmograph by inflation of the proximal cuff. The true blood flow is indicated by the 
steepness of the straight portion of the curve following the initial sharp rise. The figures under each tracing 
of blood flow give its calculated value in cc. per 100 cc. per minute. Time: seconds. Signals: single, for 
measurement of arterial pressure, given below in mm. Hg; multiple, for beginning and end of an intravenous 
injection of 2 cc. of Angiotonin. 
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112/74 110/70 114/74 110/74 112/74 114/72 114/70 114/70 110/70 114/72 

SUBJECT WARM PLETHYSMOGRAPHS 32° 

Fig. 6. Effects of an Intra-arterial Injection of Angiotonin on tiie Pletii ysmoguapihc Tracings of 

Blood Flow to tiie Left Calf of a Normal Subject (D. S.) 

The figures under each tracing of blood flow give its calculated value in cc. per 100 cc. per minute. Time: 
seconds. Signals: short, for measurement of arterial pressure given below in mm. Hg; long (arrow), for an 
injection of 0.4 cc. 10 per cent Angiotonin into the left femoral artery. 
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Ta !'a ■ 

18 2.0 2.0 3.4 2,3 2.3^^AS 2.8 2.4 2.2 



142/106 146/110 150/120 170/120 164/120 168/130 164/128 156/118 148/116 146/108 

RT. CERVICAL SYMPATHECTOMY 

SUBJECT COOL PLETHYSMOGR APHS 3 2° 

Fjg. 7. Lfff.cts of an* Intravenous Injection or Anciotonin on the Plethysmographic Tracings of 
Blood Flow to the Left Forearm and Right Forearm or a Subject (L. R.) Who Had Sustained a Right 
Cervical Sympathectomy 9 Years Previously for Epilepsy 
The figures under each tracing of blood flow give its calculated value in cc. per 100 cc. per minute. Time: 
seconds. Signals: short, for measurement of arterial pressure, given below in mm. Hg; long (arrow), for 
an intravenous injection of 0.15 cc. Angiotonin. 


spiratory rate slightly. It was therefore not con- 
sidered significant. 

differences were found in the action of 
n giotonin given by single injection and by con- 
hHuous intravenous infusion (Table II) except 
or the duration of the effects which could be 
prolonged apparently unchanged for periods up 
o three quarters of an hour (Figures 3, 8, 9). 
o experiments were carried on longer than this, 
mainly because of the scarcity of the Angiotonin. 

en the rate of an infusion was increased, there 
p" aS a funher ris e in arterial pressure (Table II, 
gure 8), Thus by varying the rate of admin- 
aUon^ an y d es j re( j level of arterial pressure 
f e maintained. The other circulatory ef- 
stnM ^ roc ^ uce( * ky Angiotonin also continued at 
6 e ' e ^ s as long as a constant infusion was 
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v gure oj. This sharp increase w 


60 


REACTIVE 
HYPEREMIA 

BLOOD 
FLOW 
CC PER I00CC 
PER MINUTE^q 


50 


ARTERIAL 

PRESSURE 


MM 

HG 


160 
I 40 
120 
t 00 
80 
60 


PULSE 80 
PER MINUTE 60 



TIME MINUTES 


Fig. 8. Effects of an Intravenous Infusion of 
Angiotonin on the Pulse Rate, Arterial Pressure 
and Reactive-Hyperemia -Blood Flow in the Right 
Calf of a Normal Subject (V. M.) 

At 20 minutes (first interrupted vertical line) an in- 
travenous infusion of 10 per cent Angiotonin was started 
at a rate of 1.5 cc. per minute. At 44 minutes (second 
interrupted vertical line) the rate of infusion was in- 
creased to 2 cc. per minute. At 60 minutes (third inter- 
rupted vertical line) the infusion of Angiotonin was 
ended. 
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thought to be due to the fact that just previously 
the subject had made a particularly strenuous ex- 
piratory effort for the test of vital capacity, prob- 
ably holding some of the solution back in the vein. 
With the subsequent deep inspiration this was 
quickly drawn into the general circulation, pro- 
ducing the sudden further rise. At any rate, the 
infusion was stopped, and the headache and hy- 
pertension quickly subsided. 

During an infusion of Angiotonin the blood 
flow in the limbs remained under the control of 
the sympathetic nervous system. Vasoconstric- 
tions and vasodilatations known to be mediated by 
the sympathetic nervous system (24, 29) took 
place as before in response to stimuli. For ex- 
ample, vasodilatation in the feet, in response to 


CC PER MIN 
PER LB 



PULSE 80 
PER MIN 60 


TIME MINUTES 

Fig. 9. Effects of Angiotonin on the Pulse Rate, 
Arterial Pressure, Venous Pressure and Cardiac 
Output (Per Beat and Per Minute) of a Patient 
(L. C.) With Eczema 

At 5 minutes (first interrupted vertical line) a single 
intravenous injection of 1.5 cc. Angiotonin was given. 
At IS minutes (second interrupted vertical line) an in- 
travenous infusion of 10 per cent Angiotonin was started 
at a rate of 4 cc. per minute. At 62 minutes (third in- 
terrupted vertical line) the infusion of Angiotonin was 
ended. The letters at the top of the chart refer to rep- 
resentative ballistocardiographic tracings shown in Figure 
10 . 


TABLE III 

Reactive-hyperemia blood flow 




Arterial pressure 

Blood flow 

Name 

Amount of 





angiotonin 

Control 

After 

Control 

After 



SINGLE INJECTIONS 


E. T. 

CC. 

1.0 

mm. Hg 

120/70 

mm. Iig 

146/90 

cc. per 
100 cc. 
per minute 

32 

cc. per 
100 cc. 
per minute 

44 

D. M. 

1.0 

120/64 

144/90 

32 

48 

M. A. 

1.0 

114/74 

182/110 

18 

33 

H. B. 

0.1 

118/70 

124/78 

28 

32 


0.1* 

118/70* 

124/78* 

34* 

34* 


1.0 

120/74 

138/100 

27 

41 


1.0* 

120/74* 

138/100* 

25* 

45* 


2.0 

114/70 

150/114 

24 

43 


2.0* 

114/70* 

150/114* 

28* 

51* 


INFUSIONS 


E. E. 

cc. per 
minute 

2 

114/68 

140/100 

20 

28 

A. L. 

4 

124/82 

156/100 

21 

28 

A. M. 

4 

108/68 

136/98 

25 

31 

V. M. 

1.5 

114/70 

148/94 

31 

54 


2 


160/100 

31 

61 

A. M. 

5 

108/64 

130/84 

13 

21 

N. P. 

4 

120/74 

166/98 

18 

25 

H. S. 

3 

120/60 

148/100 

23 

28 

E. Z. 

2 

116/64 

146/104 

16 

29 








* = Left arm. Other flows = Left leg. 


strong warming of the body, if begun during the 
control period, continued (after a slight pause) 
when Angiotonin was administered. Likewise, 
vasoconstriction in response to the cold test of 
Hines and Brown took place during an infusion 
of Angiotonin, as before. It is of considerable 
interest that the pressor response to the cold test 
of Hines and Brown was not significantly altered 
in 8 normal subjects during the hypertension pro- 
duced by an infusion of Angiotonin (Table II)- 
The reactive-hyperemia blood flow, in the fore- 
arm or calf (during full local vasodilatation pro- 
duced by a 5-minute period of arterial occlusion), 
increased with the rise of arterial pressure due to 
Angiotonin, and decreased when the arterial hy- 
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TAIILK IV 
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HORIZONTAL POSITION 





feet inches 

lbs. j 

rr. 


mm. //c 


beats per miiuifr 

cc. Per beat 

jcc. per minute per lb. 

J.M. 

32 

F 

4 n 

10l! 

0.5 

12I/7S 

150/98 

124/78 

72 

68 

78 

33 

24 

34 

23 

16 

25 

R.W. 

34 

M 

5 6} 

150 

1.0 

120/S0 

160/110 

11 S/82 

70 

52 

72 

49 

46 

45 

23 

16 

22 

H. K. 

26 

M 

5 8J 

15S 

2.0 

121/65 

170/105 

122/68 

68 

40 

66 

58 

51 

57 

25 

13 

24 

T. C. 

53l 

Ml 

5 1H 

l 190 

1.5 

125/70 

1-10/90 

135/80 

74 

67 

72 1 

/ / 

75 

76 

30 

26 

29 

T. C. 

53 

M 

5 11$ 

190 } 4 cc. per minute* 

1 

12S/75 

175/108 

136/S4 

72 

63 

72 

76 

53 

73 

29 

18 

28 


Vi.UTICAI, POSITION 


34 

M 

5 

m 

BS 


o 

o 

o' 

OJ 

148/120 

125/100 

82 

68 

76 

43 

40 

43 

23 


22 

26 

M 

5 

ii 



116/70 

145/90 

115/68 

85 

60 


42 

35 

39 

23 


20 


* Infusion of 10 per cent solution of angiotonin. 



FlG ' 10. Representative Ballistocardiographic Tracings Obtained in the Experiment 

Shown in Figure 9 

The letters correspond to the times indicated at the top of Figure 9. 
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Fig. 11 . Effects of an Intravenous Injection of Angiotonin ( 1.5 cc.) on tiie Teleoroentgenograms of 

a Normal Male (W. F.) 

Cardiac measurements are given in cm. Arterial pressures recorded below in mm. Hg were taken immediately 

before the teleoroentgenograms. 


pertension subsided after the infusion of Angio- 
tonin was stopped (Table III, Figure 8). 

The cardiac output (blood flow to the entire 
body) measured ballistocardiographically in the 
supine and upright positions decreased after An- 
giotonin, both when calculated as cc. per minute 
per pound, and as cc. per heat 3 (Table IV). In 
one subject (Figure 9) after a single injection of 
Angiotonin, with a moderate rise of arterial and 
venous pressures, the change in output per beat 
was negligible, probably because of the brady- 
cardia. However, during an infusion of Angio- 
tonin, which resulted in a prolonged marked rise 
of arterial and venous pressures, there was a 
profound decrease in the cardiac output per beat 
as well as per minute (Figures 9, 10). 

The arm-to-carotid sinus circulation time usu- 
ally increased, often only slightly, but occasionally 
considerably (Tables I, II). 

The electrocardiograms showed no significant 
changes other than the bradycardia (Figure 4). 

X-ray examinations of the heart showed in 6 
of S subjects a small but definite increase in the 

s So calculated for the sake of comparison. The ab- 
solute values may, with the newer knowledge of the 
ballistocardiogram, prove slightly inaccurate quantita- 
tively. 


cardiac size (Table V, Figure 11). Kymograms 
usually showed a slight decrease in the amplitude 
of the cardiac pulsations. In some subjects, in 
addition to the increase in the cardiac shadow, 
there was also an increase in the pulmonary 
markings. 

The effects of Angiotonin administered intra- 
venously subsided gradually in 4 to 10 minutes 
after the cessation of the administration, whether 
by continuous infusion or by single injection. 


table v 

Teleoroentgenograms of heart 


Name 

Amount of 
angiotonin 

Arterial 

pressure 

Transverse 
diameter 
of heart 

Longi- 
tudinal 
diameter 
of heart 

Cardiac 

axis 

Con- 

trol 

After 

Con- 

trol 

After 

Con- 

trol 

After 

Con- 

trol 

After 


cc. 

mm. Hg 

cm. 

cm. 

degrees 

R. M. 

1.5 

130/80 

19G/118 

13.2 

14.4 

15.0 

14.8 

52 

50 

W. L. 

2.0 

114/80 

170/110 

12.3 

12.2 

14.0 

14.2 

50 

45 

C. R. 

2.0 

134/84 

1S4/120 

13.4 

14.0 

14.4 

15.2 

48 

47 

R. \V. 

1.2 

130/84 

174/134 

13.9 

14.0 

14.9 

14.9 

05 

GS 

B. Z. 

1.5 

120/70 

158/110 

12.8 

13.5 

13. G 

14.0 

50 

5o 

0. D. 

1.5 

120/70 

1 00/124 

13.5 

13.9 

14.1 

15.0 

55 

50 

W. F. 

1.5 

130/84 

104/110 

11.7 

12.3 

13.5 

14.4 

45 

40 

I*. F. 

5cc. per minute* 

130/G0 

101/100 

13.5 

14.8 

15.0 

15.9 

52 

54 

Average 

120/78 

178/1 10 

13.0 

13. G 

14.3 

14.8 




* Infusion of 10 per cent solution of angiotonin. 
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DISCUSSION 

The most interesting aspect of the arterial hy- 
pertension produced by Angiotonin is the asso- 
ciated evidence of “ myocardial failure ” occurring 
in otherwise normal individuals* An increase in 
venous pressure, decrease in vital capacity, in- 
crease in cardiac size, decrease in cardiac output 
and increase in circulation time, all important 
signs of heart failure, were frequently found. 
The mode by which Angiotonin could produce 
heart failure is difficult to explain, unless it exerts 
a direct u toxic ” action on the myocardium. The 
experimental evidence in animals is against this 
explanation. On the contrary, Angiotonin seems 
to exert a stimulating or “ tonic ” effect on the 
myocardium (isolated heart), increasing its out- 
put and efficiency (29, 30). 

It would appear that in man Angiotonin pro- 
duces marked and generalized peripheral vaso- 
constriction, since it causes not only a rise in 
arterial pressure but also a decrease in cardiac 
output. The effects on cardiac output here re- 
ported are in essential agreement with those of 
Bradley and Parker (32). Likewise, the blood 
flow in every area in which measurements have 
been made, including the renal (33, 34), has been 
found to decrease after Angiotonin, at least in- 
itially. The peripheral vasoconstriction must be 
primarily on the arterial (arteriolar) side of the 
circulation since the rise of arterial pressure pre- 
cedes the increase in venous pressure and the 
other signs of “ myocardial failure.” 

Except for the rise in venous pressure and the 
ecrease in cardiac output, the circulatory effects 
°. ^giotonin, though definite when compared 
with the control measurements of the same sub- 
ject, usually are not so great as to be clearly ab- 
normal. Hence the increase in venous pressure 
and decrease in cardiac output can be said to be 
e outstanding characteristics of the Angiotonin 
hypertension. 

. ^ difficult to judge whether naturally occur- 
ln g ypertension is similar to the hypertension 
ue to Angiotonin. However, one can state that, 
commonly accepted, essential hypertension is 
to entirely similar to the hypertension of Angio- 
^onin. The chief difference is the absence of a 
sigm cant elevation of venous pressure such as 
aS 0 serve d after Angiotonin. On the other 


hand, as Starr has pointed out, a decrease in 
cardiac output , measured ballistocardiographicaliy, 
is found in a considerable number of patients with 
essential hypertension (34). Furthermore, the 
amount of the decrease is about the same as that 
produced by Angiotonin (35). A possible ex- 
planation for the absence of the increased venous 
pressure and the other signs of “ myocardial fail- 
ure ” in established cases of essential hypertension 
is that such signs may have been present initially, 
only to disappear after sufficient time had elapsed 
for the adjustments of " compensation ” to take 
place. 

One form of naturally occurring hypertension, 
namely that associated with acute hemorrhagic 
nephritis, does seem to be similar to the hyper- 
tension of Angiotonin. Both are characterized 
by an elevation of venous pressure and by x-ray 
evidence of increases in cardiac size and pulmo- 
nary congestion (36). These similarities may be 
apparent not only because of the sudden onset 
and acute nature of the two types, but also be- 
cause of the availability of control or recovery 
measurements in the same individuals for com- 
parison. 

The blood flow in the limbs after the admin- 
istration of Angiotonin tends to decrease, but 
remains under the control of the sympathetic 
nervous system. The resting blood flow, after 
an initial phasic variation, may be slightly, or 
even considerably, below the control level, but 
sympathetic vasodilatation and vasoconstriction 
can occur as before in response to appropriate 
stimuli. In this respect the hypertension due to 
Angiotonin is compatible with essential hyperten- 
sion. The variable amount of the increase in 
circulation time in different individuals after An- 
giotonin could be explained entirely on the vari- 
able amount of associated decrease in the periph- 
eral blood flow (37). 

That Angiotonin produces local vasoconstric- 
tion is established not only from the evidence 
already cited, but also by the observations on its 
vasoconstrictor effects when injected intrader- 
mally or intra-arterially. But it is important that 
the peripheral vasoconstriction caused by Angio- 
tonm can be released by physiologic procedures 
producing vasodilatation. Thus the reactwe-hy - 
peremia blood flows obtained during full local 
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vasodilatation after a 5-minute period of arterial 
occlusion increased along with the arterial pres- 
sure. This demonstrates that there is no danger 
of an inadequate blood flow with tissue anoxia in 
the extremities during the action of Angiotonin. 
On the contrary, because of the higher arterial 
pressure, the blood flow, if needed, can actually 
be greater than normal. 

These observations on the reactive-hyperemia 
blood flow during the hypertension produced by 
Angiotonin are similar to those obtained during 
other pressor procedures (38). They emphasize 
the direct relationship which exists in a given in- 
dividual between arterial pressure and blood flow 
in the limbs under controlled vasodilatation. But 
again, because of the wide scattering of the values 
for blood flow obtained in different individuals, 
whether normal or hypertensive, such measure- 
ments are of questionable value in estimating the 
degree and nature of the peripheral resistance to 
blood flow in a random subject or in two groups 
of individuals. It can be stated, however, that 
the reactive-hyperemia blood flows obtained dur- 
ing the hypertension due to Angiotonin are com- 
parable with those obtained in young individuals 
with naturally occurring hypertension. There- 
fore, they are consistent with the conclusion that 
the increased peripheral resistance to blood flow 
in such hypertensive patients also can be released 
by similar physiologic vasodilatation. 

The prevention of bradycardia after Angiotonin 
by atropine would indicate that the cardiac slow- 
ing is probably vagal in origin. Furthermore, the 
fact that the hypertensive effect of a given dose 
of Angiotonin is enhanced after atropine shows 
that the bradycardia is an important moderator 
mechanism. Probably another such moderator 
mechanism, though less effective, is the initial 
sympathetic vasodilatation in the limbs after An- 
giotonin. 

It was surprising to find that no significant rise 
in spinal fluid pressure occurred after Angiotonin, 
in spite of considerable increases of arterial and 
venous pressures. This was interpreted as indi- 
cating that after Angiotonin a marked vasocon- 
striction occurs in the small vessels of the cere- 
brospinal contents, with a probable decrease in 
blood flow. This change was thought to be anal- 
ogous to the decrease in volume and blood flow 
which may occur in the limbs after Angiotonin 


along with a rise of arterial and venous pressures. 

The finding of no significant difference in the 
pressor response to the cold test of Hines and 
Brown in the same subject when normal, and 
when hypertensive from Angiotonin, is of con- 
siderable interest. It casts doubt upon the usual 
explanation of why there should be a hyper-re- 
actor response in hypertensive, or potentially hy- 
pertensive, individuals. This explanation postu- 
lates a greater amount of sympathetic vasocon- 
strictor “ reserve ” in such persons, due to a state 
of relative sympathetic vasodilatation which, in 
turn, is a moderator response to the presence of a 
circulating pressor substance. This greater re- 
serve is called into play by a strong vasoconstric- 
tor stimulus, such as the cold test, giving a “ hy- 
per-reactor ” response. The experiments here 
reported would indicate that some other factor, 
possibly hereditary, is responsible for the hyper- 
reactivity of the sympathetic nervous system in 
certain individuals, and that such hyper-reactivity 
is not necessarily imposed upon a normal sympa- 
thetic nervous system by incipient or actual hyper- 
tension. 

The symptoms produced by Angiotonin were 
usually mild, but somewhat proportional to the 
dosage, and to the resultant rise in arterial pres- 
sure. They resembled the complaints of patients 
with clinical hypertension, and help to identify 
such complaints as arising in actual pathologic 
physiology instead of being attributable to “psy- 
choneurosis.” 

SUMMARY AND CONCLUSIONS 

1. Angiotonin administered intravenously pro- 
duces in normal subjects arterial hypertension 
which can be controlled by regulating the rate 
of administration. 

2. This arterial hypertension is accompanied by 
an increase of venous pressure, and frequently 
by other signs of “ myocardial failure ” including : 

a. Decrease in vital capacity 

b. Increase in circulation time 

c. Decrease in cardiac output 

d. Increase in cardiac size 

3. There is bradycardia, probably vagal in 
origin. 

4. Spinal fluid pressure is not significantly al- 
tered. 
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5. The electrocardiogram reveals no important 
changes except bradycardia. 

6. The temperature of the skin usually de- 
creases, but remains responsive to alterations of 
body temperature. 

7. Blood flow measured plcthysmographically 
in the limbs tends to decrease but remains under 
the control of the sympathetic nervous system. 

8. Reactive-hyperemia blood flow (measured 
during full local vasodilatation produced by a 
5-minute period of arterial occlusion) increases 
with the rise of arterial pressure. 

9. The pressor response to the cold test of 
Hines and Brown is not altered during the hyper- 
tension. 

10. Mild symptoms of dizziness, substernal op- 
pression, headache, nausea or palpitation may be 
noted. 

11. The effects subside 4 to 10 minutes after 
the cessation of administration, whether by single 
injection or by continuous infusion. 

12. Injected intradermally, Angiotonin pro- 
duces local blanching of the skin. 

13. Injected intra-arterially, it produces vaso- 
constriction in the muscular parts supplied by the 
artery, 

This investigation was conducted with the technical 
assistance of Miss Sara B. Merritt, B.S. 
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The differences between the Woods of pregnant 
animals and of their fetuses, particularly in re- 
gard to the properties of the hemoglobin, have 
interested workers for many years. Ho\\c\cr, 
the results of different workers are in conflict on 
several points, perhaps because of species differ- 
ences, or of varying conditions for obtaining Wood 
or differing methods of calculation. 

The earliest evidence of difference between fetal 
and maternal hemoglobin was the greater resist- 
ance to alkaline denaturation observed in the fetal 
hemoglobin (1, 2, 3), These workers calculated 
that adult blood contained up to 20 per cent of 
the alkaline-resistant hemoglobin, whereas fetal 
blood consisted almost wholly of the resistant 
type. Differences in crystal structure (2, 3) have 
added to the evidence for difference in the hemo- 
globins. 

The property of fetal and maternal blood on 
which the greatest amount of work has been done 
is the oxygen affinity. This property is usually 
described by an oxygen dissociation curve which 
presents graphically the amount of oxygen bound 
to hemoglobin through a range of oxygen pres- 
sures. Plotted on the usual arithmetic coordi- 
nates with oxygen pressures as abscissae and 
% HbCL as ordinates, the curve has the well 
known S-shape. The shape of the curve has 
been found to be quite constant among adult ani- 
m als of a given species but to vary considerably 
from species to species. It has been noted that 
various conditions displace the curve to right or 
kft without changing the fundamental shape. 
Among these the most important is the pH. In 
a more acid medium the hemoglobin has less 
affinity for oxygen at all pressures and its curve 
is therefore shifted to the right; conversely, a 
more alkaline reaction shifts it to the left. 

The oxygen dissociation curve is frequently 
plotted on a logarithmic scale, in which case the 


characteristics of shape and lateral displacement are 

_ . f 100 Hb 

more easily dissociated. Plotting log Hb Q~ 

against log p0 2 , the curve has been found to 
approximate a straight line, the slope of which 
has the same significance as the shape observed in 
the arithmetic curve and of which the intercept of 
either axis measures the lateral displacement. 
The HilbBarcroft empirical equation describes 
mathematically this type of relationship ; so, from 
the logarithmic graph of a given blood the con- 
stants of the equation can be easily determined 
and used to describe the characteristics of the 
dissociation curve. The usual form of the equa- 
tion is 



where y=% Hb0 2 , ^ = p0 2 and K and n are 
constants. Transforming this equation into the 
units of the logarithmic graph, one obtains : 

lo g~^~ = - « log * - log K + 2. 

From this it will be seen that the slope of the 
graph is — n and that K is easily calculated from 
any one point ( e.g . Hb = Hb0 2 ). 

With this brief discussion as a background, we 
may review the evidence in the literature on the 
comparison of the oxygen dissociation curves of 
fetal and maternal hemoglobin. Among the first 
investigations was Hu ggett's demonstration (4) 
that diffusion alone accounts for the gas transfej 
across the placenta in the goat. Incidentally, it 
appeared from his data that the fetal curve lay 
to the right of the maternal, i.e., at any tension 
the fetal blood combined with less oxygen than 
the maternal. This rather unfavorable physio- 
logical situation has not been confirmed in any 
species of animal. In fact, almost all investiga- 
tions on humans (5, 6, 7) have found the opposite 
to be true, namely that the fetal oxygen disso- 
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ciation curve lay to the left of the maternal. 
Since Haselhorst and Stromberger worked with 
curves constructed from a single point according 
to the Hill-Barcroft equation, nothing could be 
said about differences in the shape of the curve. 
However, Eastman et al. found a different shape 
in the fetal blood curve in all their cases and 
Leibson et al. found a characteristic shape to the 
fetal blood curves in several of theirs. The dif- 
ference in shape consisted in a greater shift to 
the left in the lower range than in the upper. On 
the other hand, Noguchi (8) constructed his 
curves on a logarithmic scale to determine the 
constants of the Hill-Barcroft equation, and con- 
cluded that the constant " n” which measures the 
slope of the logarithmic curve, had similar values 
in fetal and normal bloods. 

Among the other animals studied have been the 
goat (9, 10), the rabbit (10), the chick (11), 
and the calf (12). In all, the curve for fetal 
blood was found to lie to the left of that of 
pregnant and non-pregnant adult animals. In the 
goat (9) it had an abnormal shape as well as a 
general displacement to the left. Furthermore, 
both these changes were found to be similar in 
buffered hemoglobin solutions (13). The latter 
finding is in contrast to the paradoxical report by 
Haurowitz (3) that the curve was shifted to the 
right for solutions of human fetal hemoglobin but 
to the left for cells suspended in saline or plasma. 
Apparently this paradox has not been confirmed. 

Differences between blood of pregnant and non- 
pregnant animals have in almost all cases been 
observed as small and attributable to differences 
in pH. Frequently the curves were obtained at a 
constant pCCL ( e.g . 40 mm. Hg) in the equi- 
librating gas. Under this condition the pH of 
two bloods will approximate the same standard 
only provided the buffer power (i.e. the bicar- 
bonate) of the bloods is equal. For example, the 
blood of a pregnant animal with a lower bicar- 
bonate will be more acid at constant pCO s than 
that of the non-pregnant animal used for compari- 
son. Measured at constant pCCX, according to 
Leibson et al. (7), the human maternal curve is 
to the right of the non-pregnant normal ; calcu- 
lated to constant pH, they found the maternal 
curves lay slightly to the left. Other workers 
have calculated their curves either at constant 


pC0 2 or at the pCO, of the blood as taken. It 
is impossible from their data to recalculate their 
curves to a given hydrogen ion concentration. 
Whereas it is the consensus of opinion that devia- 
tions in the maternal curves are attributable to 
differences in pH, the considerable magnitude of 
the shift in fetal blood has been taken to indicate 
the existence of a special fetal type of hemoglobin. 

The primary purpose of this work is to ac- 
quire sufficient data on the bloods of non-pregnant 
and of pregnant women and of the fetuses at 
term to determine the complete oxygen dissocia- 
tion curves at constant pH. The importance of 
choosing a standard pH rather than a standard 
pCO„ is apparent from the previous discussion, 
especially in order to investigate the fundamental 
question of a special fetal hemoglobin. To cor- 
rect our curves to constant pH it was necessary 
to measure the bicarbonate content, calculate the 
pH, and establish the degree of shift in the oxy- 
gen dissociation curve with changes in pH. Like- 
wise, because of the conditions of labor and anes- 
thesia, the blood lactic acid values were deter- 
mined in order to be able to extrapolate the acid- 
base conditions back to the period before the 
onset of labor. 

Since Barcroft (9) has emphasized that in 
goats the fetal type of hemoglobin is most pro- 
nounced at eighteen weeks of gestation and has 
disappeared at birth or soon thereafter, we have 
attempted to determine curves of human blood 
before and after the normal ninth month of de- 
velopment. To do this we obtained bloods of 
infants born prematurely, and in two instances of 
infants born at term we obtained bloods peri- 
odically throughout the first month of life. So 
that changes might similarly be plotted for the 
mother, maternal bloods were studied throughout 
the last half of pregnancy. 

In so far as sufficient blood was available, 
determinations of sodium, chloride, total base and 
total nitrogen were made on the serum. In this 
way a gross electrolyte change could be detected 
if it were sufficient to cause shift in the oxygen 
dissociation curve. 

It is hoped that the sum total of evidence can 
be integrated to answer the remaining questions 
regarding the properties of so-called fetal hemo- 
globin and also to quantitate the possible advan- 
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tagcs arising from differences between maternal 
and fetal blood for gas exchange between mother 
and fetus. 

METHODS 


and total nitrogen by the micro Kjeldahl method ( Keys * 
modification (19)). 

The oxygen dissociation curves at pH s = 7.40 were 
plotted in the usual arithmetical coordinates and also on 
logarithmic coordinates 


Venous blood samples were obtained on thirteen preg- 
nant women, seven of them between the fourth and 
eighth month of pregnancy, six of them within twelve 
hours before delivery. Eight blood samples were taken 
from the umbilical cord of infants born at term, in each 
case the blood being obtained within fifteen minutes of 
tying off the cord. Similar blood samples were obtained 
from the cords of two premature infants. On two of 
the infants bom at term, repeated blood samples were 
taken from the jugular vein during the first month of 
life. Venous blood samples were also obtained from six 
normal non-pregnant women, since, ns far as we could 
discover, the standard oxygen dissociation curves re- 
ported in the literature are all on men's blood. 

Because of the known variability in gas content of 
cord blood obtained at birth, no gas analyses of the 
bloods as drawn were made. The blood in each ease 
was mixed with heparin (Connaught Laboratories, To- 
ronto), covered with heavy mineral oil to prevent evapo- 
ration, and immediately chilled in ice. All equilibrations 
and gas analyses were made as soon as possible, the 
blood being kept packed in ice except at times of equili- 
bration. When the patient had received ether anesthesia, 
the ether was removed from the blood by equilibrating 
it with room air for fifteen minutes at 25°. 

The technique of determining the oxygen dissociation 
curve and the C0 2 capacity at a pC0 2 of 40 mm. Hg 
(?«) was essentially that described in detail by Dill 
et a l (34). The following changes in the procedure 
" cre rnade: The C0 2 pressure in the tonometers was 
set at 30 or 35 mm. Hg because it was expected that the 
icarbonate content of these bloods was lower than nor- 
way we hoped to have the pH as near 
as possible, to which figure the curves were finally 
corrected as in the original technique 




The oxygen pressures were set at 5, 10, 20, 35, 50, 70 an 
mm. Hg in order to cover a wider range than d( 
* m the original technique. In addition, one or tw 
ms were determined in the approximate range of 5 
a ** on** oxygen saturation at pressures of CCL of 2 

shift * IT ! m * ^ ese points served to determine tf 
s *dt in the curve with pH. 

determ * na hons (Edwards’ modification c 
bio , mann ' Cotonio > and Shaffer (15)) were made on a 
The 65 immediatel T before the final equilibratio: 
Measured if 6 °* Cells * n the original blood w; 
according / < !5 inatocr ! t - Serum was analyzed for sodiu 
to the mpt! ons °lazio and Dill (16), chloride accordir 

“1 V ” S1 *e (17 

7 the method of Consolazio and Talbott (18 


(log pO* against log . 

The latter method gives an approximate straight line, 
the slope of which is the constant “n" in the Hill-Bar- 
croft equation. The axis intercept defines “ K” in the 
same formula. These two constants were determined 
for each blood. 

For comparison with data in the literature, and for 
evaluating in vitro conditions, the midpoint of each curve 
(Hb = HbOj) was also calculated at pC0 3 = 40, using 
the line charts of Henderson (20) and of Dill et at. (14) 
for the conversion. 

With the value for 7V, of the blood as measured and 
the blood lactate, it was possible to determine an extra- 
polated jT 4 , representing the value if the lactate were 10 
mgm. per cent and presenting the probable picture before 
the onset of labor and anesthesia. To make this calcu- 
lation, use was made of the fact that lactic acid displaces 
bicarbonate in cquimolecular amounts at the same pH. 
The steps in the conversion were: 

(1) Calculation of pH g at the 7V, point in the blood 
as studied. 

(2) Adding to the measured TV, value an increment 
equivalent to the excess lactate above 10 mgm. per cent. 

(2) The pH a from (1) and the total CO* from (2) 
determine one point on the C0 2 dissociation curve of 
the blood in its original state; the pC0 2 of this point was 
determined from the line chart of Peters and Van Slyke 
(17). ^ 

( 4 ) The 7V, value of the new curve was read off from 
the Henderson line chart (20). 

RESULTS 

The mean and total range of values of the oxy- 
gen dissociation curves between 10 and 90 per cent 
saturation of the three groups of bloods (non- 
pregnant, maternal and fetal) are presented in 
Figure 1, all curves being corrected to pH s 7.40. 
The striking feature to be observed is the posi- 
tion of the fetal curves: these lie to the left of 
both the normal and the maternal. The sole point 
where the curves overlap is near 90 per cent, 
where the technical difficulties of accurate meas- 
urement are greatest. In spite of the shift, how- 
ever, inspection fails to show any striking differ- 
ence in the shape of the different groups of curves. 

In the same chart, comparison of the curves 
on the pregnant and the non-pregnant women 
shows that, whereas the range of the two groups 
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0 10 20 30 40 50 60 70 

pQe mm Hg 

Fig. 1. Means anp Ranges of Oxygen Dissociation Curves 


overlaps throughout, most of the maternal curves nant women lies slightly to the right of that of 
lie to the right and none to the left of the range the non-pregnant. 

of the non-pregnant women. The mean position The range and mean values of the control series 
for the dissociation curves on the blood of preg- of normal women shown here correspond fairly 
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well to the standard established from the blood 
of normal men (21). The mid-positions (Hb 
= Hb0 2 ) agree almost exactly (men = 26.3 mm. 
Hg; women = 26.0 mm. Hg). There would 
seem to be a slightly more sharp S-shape to the 
women’s curve, as can be appreciated from Table 
I of the comparative pressures of oxygen neces- 
sary for different degrees of saturation of the 
hemoglobin. 



Table II presents the figures for one point on 
^ch of the curves obtained (column 2), together 
with other data on each blood sample. The fig- 
ures in column 2 confirm the visual impression 
gained from the chart, namely, that fetal curves 
are significantly and uniformly shifted to the left 
and that, while the mean maternal curve lies some- 
what to the right of normal, this difference is of 
doubtful statistical significance. The difference 
between the curves on the blood of pregnant and 
non-pregnant women appears more striking if it 
ls noted that the range of the mid-position of the 
curves on the six non-pregnant women is 24.9 
to 26.8 mm. Hg and that nine out of thirteen of 
the maternal bloods lie outside this range to the 
right. 

The first column labelled T 40 gives a measure 
°f the alkali reserve in each case. It should be 
noted that corrections have been made whenever 
the lactic acid was elevated above 10 mgm. per 
cent, so that changes in these values are not merely 
temporary effects of lactic acid. The well-known 
progressive decrease in alkali reserve during preg- 
nancy is again demonstrated by a comparison of 
the pre-term with the term groups of maternal 
bloods. The more marked diminution in bicar- 


bonate in the fetal bloods is not so generally 
known and is the opposite of the findings in goat 
fetuses (22). 

Figures in the third column are calculated values 
of the p0 2 for half saturation of the blood at 
standard pC0 2 . In this case the different bicar- 
bonate values modify to some degree the relations 
observed at constant pH, since at constant pC0 2 
the bloods with the lower bicarbonate are more 
acid. The shift of the fetal blood curves to the 
left is still present but less marked; on the other 
hand, the maternal curves under these conditions 
are seen to be definitely shifted to the right. 

The constants from the Hill-Barcroft equation 
were measured from logarithmic graphs of each 
curve and are presented in the fourth and fifth 
columns. In each case the curve approximated a 
straight line, the slope of which is " n” Our data 
indicate that " n ” is not significantly different in 
the various groups. This constancy of " n ” con- 
firms our visual impression from the arithmetic 
curves that all were approximately the same shape. 
The " K ” values are a measure of the position of 
the curve ; they have the same significance as oxy- 
gen pressures for half saturation. Expressed for 
the sake of convenience as negative logarithms, 
they will be seen in the fifth column to parallel 
the oxygen pressures at half saturation in col- 
umn 2. 

The values for cell volume and Hb0 2 capacity 
demonstrate anew the tendency to moderate ane- 
mia in pregnancy and the frequent polycythemia 
of newborn infants. 

The last column shows the calculation of the 

factor — fP 2 > which measures the shift in the 
ApH 

logarithmic curve with pH. The importance of 
this measurement is two-fold: (1) If it differs 
in fetal or maternal blood from the standard es- 
tablished for normal man it would further estab- 
lish a fundamental difference in the hemoglobin. 
(2) Since the oxygen dissociation curves were 
corrected to constant pH, using the factor for 
normal man, it is necessary to measure this factor 
in the bloods studied in order to be sure of the 
validity of the corrections made. Actually the 
factor was measured on the logarithmic curve 
from the equilibrium points taken at high or low 
CO, pressures. While there is some scatter in 
the individual values for these factors, it is evi- 
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TABLE II 


Oxygen and carbon dioxide affinity of bloods of non-pregnant and pregnant women and of fetal blood at birth 


Non-pregnant 

women 

T'40 

corrected 
to normal 
lactate 

p02 at 50 per cent ! 

oxygen saturation | 

Hill-Barcroft 
formula constants 

Cell 

volume 

HbOs 

capacity 

A log pO* 

A pH 

pH. = 7.40 

pCO: =40 

it 

—log K 

Ca 

Ja 

Te 

Co 

Na 

Se 

volume 
per cent 

48.7 

49.9 

42.7 

48.5 

45.8 

44.6 

mm. 

26.4 

26.8 

24.9 

26.5 

25.8 

25.8 

Hg 

25.5 

25.9 

25.2 

25.8 

26.2 

26.6 

2.72 

2.61 

2.61 

2.78 

2.63 

2.53 

3.86 

3.72 

3.64 

3.96 

3.71 

3.57 

per cent 

42.3 

43.7 

38.1 

45.4 
40.3 

volume 
per cent 

18.02 

17.02 

19.61 

16.47 

17.37 

16.82 


Mean 

46.70 

26.03 

25.87 

2 Ml 

3.743 

41.96 

wnm 


<tM 


1.14 

0.28 

0.21 

0.037 

0.059 

1.28 

■n 


Pregnant 

' 








women 









Pre- 

Month of 



1 






term 

pregnancy 


1 

* 



. 



Ku 

4 

43.8 ' 

25.8 

26.6 

2.78 

3.92 

38.5 

16.63 

-0.53 

Br 

5 

43.7 l 

29.4 

30.8 

2.50 

3.67 

33.8 

15.00 

-0.48 

Co 

5 

45.4 i 

28.2 1 

28.5 

2.68 

3.87 

31.4 

15.78 

-0.45 

O'B 

5* 

43.5 

25.9 

26.9 

2.76 

3.89 

33.9 

14.25 

-0.47 

Gr 

7* 

42.6 

27.6 1 

29.0 

2.52 

3.64 

37.2 

16.13 

-0.38 

Co 

8 

45.0 

28.7 

29.5 

2.52 

3.67 

31.1 

13.67 

-0.50 

Ma 

8$ 

47.7 

29.5 

29.2 

2.72 

4.00 

37.9 

16.06 


Mean 


44.53 

mom 

28.64 

2.640 

3.809 

34.83 

15.36 

-0.469 

trM 


0.64 

IB 

0.56 

0.046 

0.055 

1.16 

0.411 

0.020 

Term 



j 


1 




Ba 


41.4 

26.1 

27.9 

2.59 

3.67 

37.4 

15.98 

-0.50 

FI 


40.3 

26.5 

29.1 ! 

2.50 

3.56 

36.8 

16.70 

-0.45 

Hi 


36.0 

27.0 

30.1 

2.79 

3.99 

30.4 

15.50 


Po 


41.8 

27.0 

28.5 

2.50 

3.58 

4i.i ; 

16.97 

iiSSfibBi 

McG 

47.0 

27.8 

27.8 

2.48 1 

3.58 1 

36.3 1 

15.41 | 


An 


39.7 

29.2 

31.1 

2.72 

3.97 j 

35.9 

17.40 j 


Mean 


41.03 


29.08 | 

2.597 

I 

36.32 

mm 

| -0.494 

all 


1.46 

WeM 

0.53 

0.053 

■ 

1.41 

■i! 

0.016 

Mean of all pregnant 

42.92 

■si 

28.85 

2.620 

1 3.770 

35.52 

15.81 


all 


0.88 

■n 

0.38 

0.034 

0.047 

0.88 

i 

0.294 

■a 

Fetus 


j 







Term 





1 




FI 


35.9 

22.3 

24,3 

2.51 

3.38 


22.68 


Hi 


38.0 

21.6 

23.2 

2.35 

3.13 

51.1 

19.81 

-0.40 

Po 


35.6 

20.9 

22.8 

2.54 

3.35 

50.6 

22.46 

—0.52 

McG 

34.5 

23.2 

25.6 

2.49 

3.40 

57.6 

24.53 

—0.52 

An 

31.1 

22.0 ; 

25.4 

2.60 

3.49 

59.6 

25.40 

-0.49 

Ro 

33.4 

20.0 1 

22.3 

2.50 

3.25 

60.0 

24.36 

-0.52 

Wh 

33.5 

21.4 i 

23.7 

2.72 

3.62 

59.2 

25.61 


Bo 

37.6 

21.9 

24.2 

2.59 

3.47 

44.5 

18.15 


Premature 


i 


1 

1 





Ma (7 th month) 

40.4 

22.4 1 

23.4 

2.70 

3.64 

43.1 

20.46 

—0.57 

Pa (5th month) 

30.9 

22.9 ! 

27.3 

2.69 

3.65 

49.9 

20.63 

—0.47 

Mean 

35.09 

21.86 ! 

23.94 

2.569 

3.438 

52.84 

22.41 


all 

0.96 

0.30 i 

i 

0.42 

| 0.036 

0.054 

2.18 

0.813 
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dent that there is do significant deviation in the 
mean values either between the different groups 
or between any of them and the value of • — 0.48 
which has been found for the blood of normal 
men (14). 

The data on the two premature infants are 
remarkable only for the lack of differentiation 
from the term infants. The oxygen dissociation 
curves are well within the range observed on 
infants at term. As expected, neither of them 
showed polycythemia, which from available data 
seems to be a development of the last two months 
of fetal life (23). 

Table III presents the results of some analyses 
on the sera of these bloods. The bicarbonate 
values at the arbitrary pCCX of 40 are calculated 
from the C0 2 content of the whole blood equi- 
librated at a known pC0 2 according to Peters and 
and Van Slyke. It is obvious that no anion-cation 
balance sheet can be made since the bicarbonate 

table m 


Analysts of serum of pregnant women and fetuses at birth 


Pregnant women 

Sodium 

Chloride 

Total 

base 

H cor 

at 

pCOi =40 

Total 

nitrogen 

Pre- 

term 

Month of 
preg- 
nancy 



m. Eq. 

m. Eq. 

m. Eq. 

m. Eq. 

grams 



per 

Per 

per 

per 

per 



liter 

liter 

liter 

liter 

liter 

Ku 

4 

138.2 

106.3 


22.7 

11.18 

Br 

5 

136.1 

108.7 


22.5 

10.41 

Co 

5 

135.6 

107.2 


23.3 

11.06 

O'B 

Si 

135.6 

106.9 


22.0 

11.30 

Gr 

n 


100.1 


22.1 

11.41 

Co 

8 

135.1 

103.6 


22.6 

10.53 

Ma 

Si 

140.0 

103.3 


24.8 


Term 







Ba 



105.2 


21.4 

10.43 

FI 


136.1 

110.3 


22.4 

11.02 

Hi 



103.7 ! 

1 

18.3 

10.90 

Po 



106.7 


21.9 

10.72 

McG 


140.9 

108.2 

154.2 

24.2 

9.98 

An 


140.2 

109.5 


20.8 

10.06 

Fetus 






Term 






FI 



111.3 


20.4 

11.34 

ill 

139.8 

108.1 


20.6 


Po 

130.9 

104.2 


20.0 

10.32 

McG 

129.1 

107.4 

157.0 

19.9 

9.47 

An 


104.1 


18.2 

10.58 

Ro 

127.3 

103.9 


19.3 

11.17 

Wh 

136.8 

110.9 


19.7 

9.26 

Bo 

136.1 

112.9 

154.3 

19.9 

7.55 

Premature 






M a (7th month) 

126.8 

109.5 


22.2 

8.44 


month) 

125.1 

113.6 

135.7 

16.9 

6,07 


table IV 

Changes in blood during the first month of life 


Subject 

i 

Age 

T«o 

cor- 1 
reeled to 
normal 
lactate 

pOi at 5C 
satur 

pH, =7.40 

i per cent 
ation 

pCOj =40 

Cell 

vol- 

ume 

HbOi 

ca- 

pacity 



volume 




volume 



per 

| mm. Hg \ 

per 

cent 

per 



cent 




cent 

Wh 

Birth 

33.5 

21.4 

23.7 

59.2 

25.61 


1 day 

42.0 

22.2 

22.7 

49.3 

21.85 


5 days 

42.2 

23.3 

23,8 

43.1 

20.21 


34 days 

41.7 

27.7 

29.2 


17.90 

Bo 

Birth 

37.6 

21.9 

24.2 

44.5 

18.15 


3 days 

39.0 

23.0 

24.1 

53.4 

23.15 


34 days 

49.7 

25.1 

24.3 

35.5 

14.83 


values are taken at arbitrary conditions and not 
those in vivo. From the point of view of the 
possible effect of salt concentration on the oxygen 
dissociation curve, it can be concluded, however, 
that changes in the serum are too small to explain 
the shift in the fetal oxygen dissociation curve. 
The changes in some of the separate ionic con- 
centrations, however, are of interest. A tend- 
ency to a high chloride content, especially in the 
fetal bloods, is associated with a low bicarbonate 
concentration. 

The most striking abnormalities are seen in the 
two bloods of prematurely born infants. In both, 
the serum sodium is definitely low; this finding is 
shared by two of the term infants but by no 
others. Even more remarkably low is the total 
base value for one of the premature infants. 
However, this value is normal for two term in- 
fants and one pregnant woman on whom the 
determination was carried out. Likewise, in the 
two premature infants’ blood, the serum nitrogen 
(a measure of serum protein) is definitely low- 
ered. The significance of these chemical changes 
is not known and their finding may be considered 
incidental to the present work. It is of interest 
to speculate, however, on whether such chemical 
deficiencies may not be significant physiological 
handicaps to premature infants. 

Table IV presents the data on two infants 
whose blood was tested throughout the first month 
of life. It will be seen from the progressive in- 
crease in the figures of the midpoints of the 
oxygen dissociation curves that the curves at con- 
stant pH 8 shifted gradually to the right so that 
they were within the normal range at thirty days 
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TABLE II 

Oxygen and carbon dioxide affinity of bloods of non-pregnant and pregnant women and of fetal blood at birth 


Non-pregnant 

women 

T 40 

corrected 
to normal 
lactate 

pOs at 50 per cent 
oxygen saturation 

Hill-Barcroft 
formula constants 

Cell 

volume 

Hb0 2 

capacity 

A log p0 2 

A pH 

pH, =7.40 

pCOi =40 

11 

—log K 

Ca 

Ja 

Te 

Co 

Na 

Se 

volume 
per cent 

48.7 

49.9 

42.7 

48.5 

45.8 

44.6 

mm. 

26.4 

26.8 

24.9 

26.5 

25.8 

25.8 

Hg 

25.5 

25.9 

25.2 

25.8 

26.2 

26.6 

2.72 

2.61 

2.61 

2.78 

2.63 

2.53 

3.86 

3.72 

3.64 

3.96 

3.71 

3.57 

per cent 

42.3 

43.7 

38.1 

45.4 
40.3 

volume 
per cent 

18.02 

17.02 

19.61 

16.47 

17.37 

16.82 


Mean 

46.70 

26.03 

25.87 

2.647 

3.743 

41.96 

17.55 


aM 


1.14 

0.28 

0.21 

0.037 

0.059 

1.28 

0.465 


Pregnant 









women 









Pre- 

Month of 









term 

pregnancy 









Ku 

4 

43.8 

25.8 

26.6 

2.78 

3.92 

38.5 

16.63 

-0.53 

Br 

5 

43.7 

29.4 

30.8 

2.50 

3.67 

33.8 

15.00 

-0.48 

Co 

5 

45.4 

28.2 

28.5 

2.68 

3.87 

31.4 

15.78 

-0.45 

O’B 

5| 

43.5 

25.9 

26.9 

2.76 

3.89 

33.9 

14.25 

-0.47 

Gr 

n 

42.6 

27.6 

29.0 

2.52 

3.64 

37.2 

16.13 

-0.38 

Co 

8 

45.0 

28.7 

29.5 

2.52 

3.67 

31.1 

13.67 

-0.50 

Ma 

83 

47.7 

29.5 

29.2 

2.72 

4.00 

37.9 

16.06 


Mean 


44.53 

WBEm 

28.64 

2.640 

3.809 

34.83 

15.36 

-0.469 

cM 


0.64 

HI 

0.56 

0.046 

0.055 

1.16 

0.411 

0.020 

Term 









Ba 


41.4 

26.1 

27.9 

2.59 

3.67 

37.4 

15.98 

-0.50 

FI 


40.3 

26.5 

29.1 

2.50 

3.56 

36.8 

16.70 

-0.45 

Hi 


36.0 

27.0 

30.1 

2.79 

3.99 

30.4 

15.50 


Po 


41.8 

27.0 

28.5 

2.50 

3.58 

41.1 

16.97 

-0.49 

McG 

47.0 

27.8 

27.8 

2.48 

3.58 

36.3 

15.41 


An 


39.7 

29.2 

31.1 

2.72 

3.97 

35.9 

17.40 


Mean 


41.03 


29.08 

2.597 

1 

36.32 

■HI 

-0.494 

cM 


1.46 

■Hi 

0.53 

0.053 

1 

1.41 

ns 

0.016 

Mean of all pregnant 

42.92 

27.59 

28.85 

2.620 

3.770 

35.52 

15.81 


cM 


0.88 

0.37 

0.38 

0.034 

0.047 

0.88 

0.294 


Fetus 









Term 









FI 


35.9 

22.3 

24.3 

2.51 

3.38 


22.68 


Hi 


38.0 

21.6 

23.2 

2.35 

3.13 

51.1 

19.81 


Po 


35.6 

20.9 

22.8 

2.54 

3.35 

50.6 

22.46 

§&jjE«g 

McG 

34.5 

23.2 

25.6 

2.49 

3.40 

57.6 

24.53 

ItHliiHlS 

An 

31.1 

22.0 

25.4 

2.60 

3.49 

59.6 

25.40 


Ro 

33.4 

20.0 

22.3 

2.50 

3.25 

60.0 

24.36 


Wh 

33.5 

21.4 

23.7 

2.72 

3.62 

59.2 

25.61 


Bo 

37.6 

21.9 

24.2 

2.59 

3.47 

44.5 

18.15 


Premature 









Ma (7th month) 

40.4 

22.4 

23.4 

2.70 

3.64 

43.1 

20.46 

-0.57 

Pa (5th month) 

30.9 

22.9 

27.3 

2.69 

1 

3.65 

49.9 

20.63 

— 0.47 

Mean 

35.09 

21.86 

23.94 

: 2.569 

3.438 

52.84 

22.41 


cU 

0.96 

0.30 

0.42 

0.036 

0.054 

2.18 

0.813 
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dent that there is no significant deviation in the 
mean values either between the different groups 
or between any of them and the value of — 0.48 
which has been found for the blood of normal 
men (14). 

The data on the two premature infants are 
remarkable only for the lack of differentiation 
from the term infants. The oxygen dissociation 
curves are well within the range observed on 
infants at term. As expected, neither of them 
showed polycythemia, which from available data 
seems to be a development of the last two months 
of fetal life (23). 

Table III presents the results of some analyses 
on the sera of these bloods. The bicarbonate 
values at the arbitrary pC0 2 of 40 are calculated 
from the C0 2 content of the whole blood equi- 
librated at a known pCCX according to Peters and 
and Van Slyke. It is obvious that no anion-cation 
balance sheet can be made since the bicarbonate 


TABLE III 

Analysts of scrum of pregnant women and fetuses at birth 


Pregnam 

Pre- 

term 

t women 

Month of 
preg- 
nancy 

Sodium 

Chloride 

I 

Total 

base 

HCOr 

at 

pCOi =40 

Total 

nitrogen 



m. Eq. 

m. Eq. 

m. Eq. 

m. Eq. 

grams 



tier 

per 

ter 

ter j 

per 



liter 

liter 

liter 

liter 

liter 

Ku 

4 

138.2 

106.3 


22.7 i 

11.18 

or 

5 

136.1 

108.7 1 


22.5 

10.41 

Lo 

5 

135.6 

107.2 ! 


23.3 

11.06 

yj B 

51 

135.6 i 

106.9 , 


22.0 

11.30 

VjT 

p 

7} 


100.1 , 


22.1 

11.41 

Lo 

H/T 

8 

135.1 

103.6 1 


22.6 

10.53 

Ma 

i 

81 

140.0 : 

103.3 


24.8 , 


Term , 







Ba 

rri 



105.2 


21.4 

10.43 

li: 


136.1 

110.3 


22.4 

11.02 

HI 



103.7 


18.3 

10.90 

rO 

At 



106.7 


21.9 

10.72 



140.9 

108.2 

154.2 

24.2 

9.98 

An 


140.2 

109.5 , 


20.8 

10.06 

Fetus 






Term . 






FI 



111.3 1 


20.4 

11.34 

n i 

139.8 

108.1 


20.6 


Po i 

130.9 

104.2 


20.0 

10.32 

McG i 

129.1 

107.4 

157.0 

19.9 

9.47 

An 


104.1 


18.2 

10.58 

Ro 

127.3 

103.9 


19.3 

11.17 

Wh 

136.8 

110.9 i 


19.7 

9.26 

Bo 

136.1 

112.9 

154.3 

19.9 

| 7.55 

Premature 






n! a £ 7t ;h month) 

126.8 

109.5 


22.2 

8.44 

wen 

month) 

125.1 

113.6 

135.7 

16.9 

6.07 


TABLE IV 

Changes in blood during the first month of life 




r« 

pOj at 50 per cent 





cor- 

saturation 

Cell 

HbOj 

Subject 

Age 

reeled to 



vol- 

ca- 

! 

i 

l 

normal 

lactate 

pH# *=7.40 

pCOj =40 

ume 

pacity 



volume 



ter 

cent 

volume 



ter 

mm. Hg 

per 



cent 



cent 

Wh 

Birth 

33.5 

21.4 

23.7 

59.2 

25.61 


1 day 

42.0 

22.2 

22.7 

49.3 

21.85 


5 days 

42.2 

23.3 

23.8 

43.1 

20.21 


34 days 

41.7 

27.7 

29.2 


17.90 

Bo 

Birth 

37.6 

21.9 

24.2 

44.5 

18.15 


3 days 

39.0 

23.0 

24.1 

53.4 

23.15 


34 days 

49.7 

25.1 

24.3 

35.5 

14.83 


values are taken at arbitrary conditions and not 
those in vivo. From the point of view of the 
possible effect of salt concentration on the oxygen 
dissociation curve, it can be concluded, however, 
that changes in the serum are too small to explain 
the shift in the fetal oxygen dissociation curve. 
The changes in some of the separate ionic con- 
centrations, however, are of interest. A tend- 
ency to a high chloride content, especially in the 
fetal bloods, is associated with a low bicarbonate 
concentration. 

The most striking abnormalities are seen in the 
two bloods of prematurely born infants. In both, 
the serum sodium is definitely low ; this finding is 
shared by two of the term infants but by no 
others. Even more remarkably low is the total 
base value for one of the premature infants. 
However, this value is normal for two term in- 
fants and one pregnant woman on whom the 
determination was carried out. Likewise, in the 
two premature infants’ blood, the serum nitrogen 
(a measure of serum protein) is definitely low- 
ered. The significance of these chemical changes 
is not known and their finding may be considered 
incidental to the present work. It is of interest 
to speculate, however, on whether such chemical 
deficiencies may not be significant physiological 
handicaps to premature infants. 

Table IV presents the data on two infants 
whose blood was tested throughout the first month 
of life. It will be seen from the progressive in- 
crease in the figures of the midpoints of the 
oxygen dissociation curves that the curves at con- 
stant pH, shifted gradually to the right so that 
they were within the normal range at thirty days 
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of age. Concomitantly, there was a rise in bi- 
carbonate and a fall in HbO„ capacity. The ef- 
fect of the former is to make the change in the 
oxygen dissociation curve at constant pCO, less 
striking than at constant pH s , as the third column 
in the table indicates. This is due to the fact 
that, as measured at constant pC0 2 , the blood 
becomes increasingly alkaline as the bicarbonate 
rises. 

DISCUSSION 

The significance of the observed characteristics 
of fetal, maternal, and normal blood may be dis- 
cussed profitably from two points of view. In 
the first place, there is the theoretical question of 
a chemically different hemoglobin in the fetus. 
The second point of view is the physiological, 
according to which we may inquire into the ad- 
vantages or disadvantages to the fetus of the dif- 
ferent properties which its blood displays. 

The data presented show that the fetal blood 
has a greater affinity for oxygen than the blood 
of pregnant and non-pregnant women over the 
entire range of oxygen pressures. These com- 
parisons were made at the same pH of the serum. 
In order to be sure that the hemoglobins are in- 
herently different, it would be necessary to com- 
pare them at the same environmental pH, namely 
that of the cell. Such values were not measured 
directly but they may be calculated from the 
values for the serum constituents, assuming nor- 
mal permeability of the cell membrane. Thus 
from our data we may conclude that if the cell 
membrane of the fetal red cell has the same char- 
acteristics of permeability as that of the adult 
cell , then the fetal hemoglobin has truly different 
properties. Unfortunately we have no positive 
evidence by which we make this assumption of 
constant permeability. In fact, there is the evi- 
dence of Andreen-Svedberg (24) that calves’ cor- 
puscles are more permeable to glucose than cows’ 
corpuscles, which gives a hint that cell membranes 
of young animals may differ from those of adults. 

Thus the evidence for a chemically different 
human fetal hemoglobin is not clinched. That 
for goats is much surer, since the same differences 
were observed on buffered hemoglobin solutions 
at the same pH and also because the fetal curve 
was invariably found to have a different shape 
from the adult. Our evidence fails to confirm a 


characteristic fetal shape to the curve in humans, 
so one link in the evidence for a true human fetal 
hemoglobin is lacking. The final answer will 
await more knowledge of fetal red cell permea- 
bility and a further study of human hemoglobin 
solutions. 

From the point of view of applied physiology 
the preceding considerations are less important. 
There can be no doubt that under the same serum 
conditions of pH the fetal blood will take up more 
oxygen in the placenta than would adult human 
blood. By the same token it will be able to give 
up less of its oxygen at the same oxygen tension 
in the fetal tissues. Since, however, it is estab- 
lished that fetal tissues use less oxygen per gram 
of weight than adult tissues (25), presumably 
due to the fact that heat loss is minimal in utero, 
the latter physiological disadvantage may not be 
important. 

Granted that there seems to be a physiological 
advantage to the fetus provided the serum pH of 
mother and fetus is identical, we must next in- 
quire as to how much this concept is actually 
modified by possible differences in the pH of the 
two bloods. 'The lowered bicarbonate in both 
mother and fetus tends to make the serum more 
acid than normal unless compensatory adjust- 
ments are made. In the case of the mother such 
compensatory regulation is brought about by the 
respiratory center, so that in vivo her blood ap- 
proaches conditions of standard pH. The fetus, 
on the other hand, has no central respiratory con- 
trol of acid-base balance; the pH of its serum is 
determined by a balance between the C0 2 removal 
through the placenta and the C0 2 given up by the 
tissues. Thus our figures for the fetal blood at 
constant pC0 2 approach more nearly those in vivo 
than do the figures at constant pH. As may be 
noted from Table II, a comparison of such figures 
(mother at pH 7.40, fetus at pC0 2 40) brings 
the fetal and maternal curves closer together. 
Unfortunately, accurate figures of the pC0 2 of 
the fetal blood in utero are not available. It is 
quite possible that the fetal pC0 2 in vivo is ap- 
preciably higher than 40 mm. Hg; in which case 
the fetal and maternal curves will be even closer 
together. Thus there are two opposing forces 
acting in the case of the fetal blood: an inherent 
greater affinity for oxygen facilitating the taking 
up of oxygen and a physiologically more acid state 
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ipposing it. It is likdv, however, that the former 
orce is somewhat greater, so that the fetal blood 
)pcratcs at an advantage in becoming promptly 
aturated with oxygen in its passage through the 
)lacenta. 

SUMMARY AND CONCLUSIONS 

1. Blood was obtained from thirteen pregnant 
vomcii, six non-pregnant women and eight human 
etuses at term birth, and the oxygen dissociation 
rurves, together with certain scrum electrolytes, 
vere determined. 

2. The oxygen dissociation curve of fetal bloods 
it constant pH„ is displaced to the left compared 
ivith that of pregnant and non-pregnant women, 
riiis suggests but does not prove the existence 
^f qualitatively distinctive fetal hemoglobin. 

3. The mean oxygen dissociation curve of ma- 
mmal blood shows only a doubtful deviation from 
•hat of the non-pregnant women, although more 
han one-half of the individual curves were dis- 
placed to the right. 

4. The oxygen dissociation curves of two pre- 
mature infants were not different from those of 
infants at term. 

5. The oxygen dissociation curve after birth 
shifts to the right so that within thirty days it is 
like that of the normal adult. 

6. The alkali reserve of fetal blood is markedly 
lowered; that of pregnant women moderately so. 
This difference makes it probable that the differ- 
ence in oxygen curves is less marked in vivo than 
at constant pH s . 

7. The sera of the two premature infants, as 
well as those of two of the infants born at term, 
showed low serum sodium values. 
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Cancer of the gastrointestinal tract accounts 
for 54 per cent of the total mortality from neo- 
plastic disease in males (1) — an incidence which 
'varrants particularly intensive study of the dis- 
order, The associated metabolic abnormalities 
are especially important, not only because through 
them some clue as to etiology may be found, but 
also to provide information by which the mor- 
tality from difficult operative or radiological pro- 
cedures may be reduced. 

The results of numerous clinical and experi- 
mental studies suggest that dietary factors are 
important in the maintenance of a normal gastro- 
intestinal mucous membrane (2, 3). Hence, close 
attention has been given, in the Memorial Hos- 
pital, to the study of the nutritional status of 
patients with intestinal neoplasms. The results 
°f the measurement of levels of vitamin A in the 
plasma, herein reported, are considered to be of 
special interest. 

MATERIAL 

Normal individuals were studied to establish the normal 
Iey els of vitamin A, carotene and thiamin in the blood, 
as Vrell as of riboflavin in the urine. Adult laboratory 
technicians, house physicians, nurses, and normal young 
all apparently in good health and on adequate diets, 
' Vere used as subjects. 

. The clinical material upon which this report is based 
deludes six different groups of patients. The first is 
composed of 51 patients with cancer of the gastrointes- 
tinal tract, selected from 62 consecutive admissions to the 
Ssstric and rectal services of the Memorial Hospital, 
kven of the 62 cases were discarded because they were 
e rile or had received medication which might provide 
mi sleading findings. 

. The author gratefully acknowledges the assistance 
| ly cn by the Jane Coffin Childs Fund, the Standard 
mnds, Inc., and the Dazian Foundation. 

2 Hrmey-Howell Fellow. 


The diagnosis of gastrointestinal neoplasm was made 
by x-ray, endoscopic procedure, laparotomy, biopsy, or a 
combination of these methods. Of the 51 patients studied, 
28 had gastric, 18 rectal, and 5 esophageal cancer. 
Thirty-seven of the patients provided an opportunity for 
examination of the liver, either at autopsy or at opera- 
tion. In 11, metastatic nodules were found, but in none 
were they sufficiently large to suggest the possibility of 
anatomical impairment of hepatic function. 

Whereas all but 4 of the patients eventually exhibited 
the symptoms commonly associated with their disease — 
principally weight loss, anorexia, changes in bowel habits, 
and abdominal pain or tenderness — only 6 had had nausea, 
vomiting, diarrhea or melena. All had various degrees of 
anemia. Fifteen had palpable abdominal or rectal masses. 

Thirteen of the 51 patients had been on restricted diets, 
but the restriction did not apply to the intake of vitamin- 
containing materials. Indeed, most of the patients had 
taken a diet which was abnormally high in its content 
of carotenoids. 

The second group of cases comprises 14 patients with 
benign gastro-intestinal lesions. Eight had peptic ulcers 
associated with continuous vomiting, anorexia, and weight 
loss. Of the remaining 6, 2 had severe ulcerative colitis, 
2 long-standing active sprue, and 2 mucous colitis; all 6 
had had persistent diarrhea for from 1 to 10 years. 

The third group consists of 19 patients whose gastro- 
intestinal neoplasm had been removed surgically. In 12, 
the lesion originally was of the stomach, and in 7, of the 
large bowel. At the time of laparotomy hepatic meta- 
stases had been present in only 1 of the 19, and that 
patient is now alive 5 years after the operation. When 
the vitamin A levels were determined in the plasma of 
the 19 post-operative patients, all were free of symptoms. 
Three of the 19 had been on grossly deficient diets for 
at least 4 months. 

The fourth group of patients represents 20 routine 
admissions to the Head and Neck Service of the Hos- 
pital. These all had leukoplakia of the oral mucosa, 
without cancer or syphilis, and 5 had been on grossly 
deficient diets. 

The fifth group consists of 13 patients admitted to the 
Gastric Sendee. In all, atrophy of the gastric mucosa 
was found by gastroscopic examination, all had symptoms 
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referable to their disease, and 4 had been on grossly 
deficient diets. 

In addition to the patients discussed, the vitamin A 
levels were ascertained in the plasma of several smaller 
groups of individuals with cancer located elsewhere than 
in the gastro-intestinal tract. These represent routine 
consecutive admissions of 69 patients with lymphomas, 8 
with osteogenic sarcoma, 8 with cancer of the pancreas, 
20 with cancer of the breast, and 6 with cancer of the 
mouth. 

METHODS 

Vitamin assays were not made on any patient until an 
adequate hospital diet had been taken for at least 2 days, 
and in the patients who had undergone operation no 
tests were made during the first 4 post-operative days. 
All the venupunctures were made in the morning when 
the patients were fasting. In most instances, the vitamin 
A and carotene levels were checked by repeated deter- 
minations. 

1. Vitamin A and carotene in plasma. The method 
employed for the measurement of vitamin A was the 
Carr-Price reaction, adapted for the photoelectric col- 
orimeter by Dann and Evelyn (4) and modified for blood 
determinations by Clausen and McCoord (S) and by 
Kimble (6). It has been further modified for use as 
herein described. 

The instrument used was the Pfaltz and Bauer fluoro- 
photometer. Filter combinations Number 629 with peak 
at 6200 A and Number 635 with peak at 4400 A were 
used for vitamin A and carotene, respectively. 

The standard curves for carotene were obtained from 
measurements of various dilutions of pure beta-carotene. 
Two different samples of carotene were employed, one 
manufactured by the S. M. A. Corporation and the other 
by the Hoffman-LaRoche Company (Figure 1). 

For the vitamin A standard, the U.S.P. Reference Cod 
Liver Oil Number 2 was used, as well as other sources. 
These were first saponified and then treated as described 
by Koehn and Sherman (7). For the final standardiza- 
tion, a vitamin A concentrate, E (1 per cent, 1 cm.) 107 




Fig. 2. Vitamin A Standard Curve — Vitamin A 
Concentrate E (1 per cent 1 cm., 107) 328 mp (Dis- 
tillation Products, Inc.) 


at 328 m/x, supplied by the Distillation Products, Inc., 
was employed. Because of its high potency (224,700 
U.S.P. units per gram of oil) this oil was not saponified 
but was taken up directly in chloroform, in which solvent 
the vitamin A measurements were made. The data re- 
ported here are based on the curve computed from this 
standard oil (Figure 2). 

Five cc. of the plasma, 5 cc. of 95 per cent alcohol, and 
5 cc. of petrol ether were shaken in a stoppered centri- 
fuge tube for 10 minutes. The layers were separated by 
centrifugation, and 4 cc. of the petrol ether layer were 
pipetted into a 10 cc. colorimeter tube 12 mm. in diam- 
eter. The tube was stoppered and the yellow color of the 
carotene was read. The petrol ether was evaporated off 
under a stream of nitrogen and the residue taken up in 
1 cc. of chloroform (reagent quality). With the tube 
in the instrument, 3.5 cc. of antimony trichloride reagent 
(225 grams SbCh per liter of washed chloroform) were 
added from a rapidly draining pipette and the maximum 
extinction coefficient of the blue color was measured. 
The extinction coefficient value was converted into U.S.P. 
units of vitamin A by reference to the standard calibra- 
tion curves (Figures 1 and 2). 

2. Thiamin in white cells. The thiamin measurements 
in our investigation were made by the technique developed 
by Atkin, Schultz and Frey (8). This method is based 
on the principle that the fermentation by yeast of a glu- 
cose-salt mixture to carbon dioxide is accelerated within 
certain limits in direct proportion to the concentration of 
thiamin present. This reaction is measured in a War- 
burg vessel under anaerobic conditions. 

To obtain leukocytes, whole oxalated blood was allowed 
to settle and the cloudy supernatant plasma was removed 
and centrifuged at 3,000 r.p.m. The clear plasma was 
poured off and the clump of leukocytes in the bottom of 
the tube was taken up in a small amount of saline, mixed 
and transferred by a capillary pipette to a graduated 
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hematocrit tube. After the hematocrit reading was ob- 
tained and the actual volume of cells calculated, the cells 
were diluted with isotonic saline to the optimum concen- 
tration for determinations of their thiamin content. 

3. Riboflavin in the urine was determined by the 
method of Fcrrcbec (9). 

RESULTS 

The results of the experiments herein described 
group themselves naturally under three headings: 
(A) The levels of vitamin A and carotene in the 
plasma of normal individuals and of patients with 
gastrointestinal cancer and other disorders. ( B ) 
Evidence for the cause of the abnormalities dis- 
covered in these patients. (C) The effects of the 
administration of substances containing other vita- 
mins on the plasma levels of vitamin A in the 
various groups of patients. 

A. Vitamin A and carotene levels in the plasma 
of normal individuals and of patients 
with gastro-intestinal cancer 

The mean average 2 plasma vitamin A of 62 
normal males who were studied as controls was 
170.3 U.S.P. units per 100 cc.; the standard de- 
viation (a x ) was dr 38, and the normal range, 
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Fig. 3. Plasma Vitamin A and Carotene Levels of 
Normal Males 


therefore, from 132 to 208 U.S.P. units. The 
mean average carotene of this group was 0.21 
mgm. per 100 cc. ; the standard deviation (cr*) was 
^ 0*13 and the normal range from 0.09 to 0.34 
m gm. per cent (Figure 3). A similar study of 

* Statistical analysis was not applied to the values of 
vitamin A and carotene in the plasmas of the various 
groups of patients studied because several of those groups 
insisted of comparatively small numbers of individuals. 


62 normal females gave a mean average plasma 
vitamin A level of 149.1 U.S.P. units per 100 
cc., and a standard deviation (oi) of ± 46. The 
normal range was from 103.1 to 195.1 U.S.P. 
units. The mean average carotene level of the 
female group was 0.18 mgm. per 100 cc., the 
standard deviation (ctj) dr 0.10, and normal range 
from 0.08 to 0.40 mgm. per cent (Figure 4). As 



Fig. 4. Plasma Vitamin A and Carotene Levels of 
Normal Females 


long as the individuals in this study, both normal 
and those with cancer, remained untreated and on 
the same diet, their plasma levels of vitamin A 
never varied more than dr 10 U.S.P. units from 
day to day. 

The findings in the plasma of 38 males with 
cancer of the gastro-intestinal tract were in sharp 
contrast to those in normal males. The vitamin 
A levels ranged from 32 to 180 U.S.P. units per 
100 cc. (Figure 5), and averaged 84 U.S.P. units, 
or about one-half the normal value. Of the 38 
male patients, 34 had levels below the normal 
range. The average carotene of the 38 males 
was 0.14 mgm. per 100 cc., and ranged from 0.04 
to 0.50 mgm. per 100 cc. Study of the 13 female 
patients in the group provided similar findings. 
The plasma vitamin A levels ranged from 50 to 
148 U.S.P. units per 100 cc. (Figure 6), and the 
average was 78.5 U.S.P. units — again about half 
the normal value. Eleven of the 13 had levels 
below the normal range. The average carotene 
in the plasma of the 13 females was 0.135 mgm. 
per 100 cc., and the levels ranged from 0.05 to 
0.27 mgm. per 100 cc. 
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Fig. 5. Plasma Vitamin A and Carotene Levels of Males with Cancer of the 

Gastro-intestinal Tract 


Of all the 51 patients, 86 per cent had vitamin 
A levels below the normal range, and 96 per cent 
had levels lower than the average. 

B. Experiments to determine the cause of the low 
plasma vitamin A levels in plasma of 
patients with gastro-intestinal cancer 

The most obvious explanation of the findings 
of persistently low levels of vitamin A in the 
blood was that, since the patients had gastro- 
intestinal disease, they were malnourished. If 
this were the case, one would expect to find a 
deficiency of other vitamins as well as of vitamin 
A in the plasma of these patients. Since caro- 
tene is a precursor of vitamin A, it seemed im- 
portant to investigate the plasma levels of caro- 
tene, particularly in those patients who were al- 
ready known to have taken restricted diets. 

The dietary history of the 51 patients studied 
revealed that only 13 had been on diets deficient 
in calories, vitamins, or both. Of these 13 pa- 
tients, 4 had cancer of the esophagus, 8 cancer 
of the stomach, and 1 cancer of the colon. Eleven 
were found to have plasma levels of vitamin A 
below the normal limits, but 4 of the 11 had 
plasma carotene levels within the normal range. 
Normal carotene levels also were found in the 
plasma of the 2 patients who had been on deficient 
diets but had normal plasma levels of vitamin A. 


Of the 51 patients, 23 showed low plasma levels 
of carotene as well as of vitamin A. Included in 
this group were 7 of the 13 patients who had been 
on restricted diets, as described in the preceding 
paragraph. No further studies were made of 
these 23 patients, since it seemed quite possible 
that their dietary intake of carotenoids had been 
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Fig. 6. Plasma Vitamin A and Carotene Levels 
of Females with Cancer of the Gastro-intestinal 
Tract 
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insufficient and so a simple dietary vitamin A 
deficiency’ had resulted. 

The remainder of the patients, however, 28 in 
number, showed normal or actually elevated levels 
of carotene. All but 5 of them had vitamin A 
levels below the normal range, and all were con- 
siderably below the average. It would appear, 
then, that these 28 patients had neither a defi- 
ciency* of carotenoids in the diet, nor malabsorp- 
tion of carotenoids from the gastro-intestinal 
tract. 

If carotene levels of the plasma are an index 
as to the availability of carotene for conversion 
to Vitamin A, then the low levels of the vitamin 
in these 28 patients could not be due to dietary 
deficiency’. Bessey and Wolbach (10), however, 
have concluded from their studies that there is no 
association between the amount of carotene in- 
gested and its level in the plasma. Hence, it was 
possible that the individuals with normal carotene 
levels who made up the second group really had 
ingested an insufficient amount of vitamin A. If 
this were true, and their dietary intake had been 
inadequate, it might well be reflected in a deficiency 
of other dietary constituents as well, and it was 
necessary to investigate this possibility before con- 
clusions could be drawn as to the dietary status 
of the patients. 

Accordingly, in 18 of the 28 patients the thia- 
min concentration in the leukocytes and the ex- 
cretion of riboflavin in the urine were measured 
(Figure 7). These determinations could not be 
niade on the remaining 10 patients of this group. 
To ascertain the normal values, the leukocyte 
thiamin of 18 normal men and women was meas- 
ured, as was the riboflavin excretion in the urine 
of 20 normal individuals of both sexes. The 
average leukocyte thiamin was 90 gamma per 100 
cc., and the range from 50 to 150 gamma per cent. 
No sex difference was observed. The amount of 
riboflavin excreted in the urine varied from 200 
to 900 gamma per day. These values agree well 
with those reported by Axelrod et al. (11). 

The thiamin concentration in the leukocytes of 
the 18 patients ranged from 52 gamma to 244 
gamma per 100 cc., all within the normal limits. 

ho average was 148 gamma per 100 cc. of leuko- 
tyt es , a figure significantly higher than normal 
( 0 gamma per 100 cc.). Why this group should 


have a high concentration of thiamin in their 
leukocytes associated with low plasma levels of 
vitamin A is unknown. 

Similarly, the urinary excretion of riboflavin 
by the same 18 patients was within the normal 
limits, the range being from 175 to 1300 gamma 
per day, with an average of 622 gamma per day. 



Fig. 7, Plasma Vitamin A and Carotene Levels, 
White Cell Thiamin and Urinary Riboflavin Levels 
of 19 Patients with Cancer of the Gastro-intes- 
tinal Tract 

Only 1 patient had an abnormally low daily output 
of riboflavin in the urine (175 gamma per day), 
but she had a normal plasma carotene of 0.15 
mgm. per cent and also an exceptionally high 
white cell concentration of thiamin (224 gamma 
per 100 cc.). 

From these findings, there was no evidence that 
the diet had been generally inadequate in the 18 
patients investigated whose low plasma levels of 
vitamin A were associated with normal levels of 
carotene. One could not be entirely satisfied, 
however, that the normal values used for com- 
parison were valid as controls for this group of 
patients. Since the normal individuals examined 
differed widely in age, race, and economic back- 
ground from the patients, it seemed possible that 
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these factors, rather than the disease from which 
they suffered, might be responsible for the low 
levels of vitamin A in the plasma of the patients. 
It was important to establish, therefore, whether 
individuals of the same age, race, and economic 
status as the patients also would have low levels 
of plasma vitamin A. 

As a preliminary step, it seemed feasible to test 
groups of patients similar in social and economic 
background to those with gastro-intestinal cancer. 
If levels of vitamin A as low as those in the 
patients with gastro-intestinal cancer were found 
in these individuals, a further check would be 
provided. 

Of 20 patients with leukoplakia of the oral 
mucosa, however, only 3 (15 per cent) showed 
such levels, and 2 of these 3 had been on grossly 
deficient diets. None of the 20 was known to 
have syphilis or associated cancer. Similarly, of 
the 13 patients with atrophic gastritis, none 
showed abnormally low plasma levels of vitamin 
A. All of the 13 had symptoms referable to their 
disease, and 4 had been on grossly inadequate 
diets. 

No further proof seemed necessary, therefore, 
to establish the fact that race, age, and economic 
background were not responsible for the low 
levels in the patients with gastro-intestinal cancer. 
These findings, furthermore, indicate that patients 
bearing supposedly precancerous lesions, namely 
oral leukoplakia and atrophy of the gastric mu- 
cosa, do not have low plasma levels of vitamin A. 

From the evidence at hand, it was only pos- 
sible to conclude that the patients with gastro- 
intestinal neoplasm were in some way unable to 
distribute normally the vitamin A taken in with 
the diet. Such an abnormality might be due sim- 
ply to the presence of a lesion which interfered 
with the absorptive power of the gastro-intestinal 
tract, quite irrespective of its malignant nature. 
Were this the case, patients with benign disorders 
of the intestinal tract marked by persistent vomit- 
ing or diarrhea should show similarly low levels 
of plasma vitamin A. 

Fourteen patients with benign lesions were ex- 
amined. Eight had peptic ulcers, 2 severe ulcera- 
tive colitis, 2 had long-standing active sprue and 
2 mucous colitis. The 8 patients with peptic ulcer 
had had nausea, vomiting and weight loss for 


several months at the time of examination. The 
remaining 6 had had diarrhea and weight loss for 
from 1 to 10 years. There were 6 males and 8 
females in the group. The 6 males had plasma 
levels of vitamin A which ranged from 102 to 
212 U.S.P. units per 100 cc., and averaged 180 
U.S.P. units per 100 cc., or slightly above the 



Fig. 8. Plasma Vitamin A and Carotene Levels 
of 14 Patients with Benign Lesions of the Gastro- 
intestinal Tract 

normal average for males. The 8 females had 
plasma vitamin A levels which ranged from 104 
to 320 U.S.P. units per 100 cc. and averaged 190 
U.S.P. units, a figure somewhat higher than the 
normal average for females. Of the 14 patients, 
only 2 males had plasma vitamin A concentrations 
below the normal range (Figure 8). 

1. Effect of administration of vitamin A on plasma 
levels of that substance in patients 
with gastro-intestinal cancer 

From the results of the study described above, 
it appeared probable that the low levels of vitamin 
A in the plasma of the patients with gastro-intes- 
tinal cancer were due neither to poor dietary in- 
take nor to functional disturbance of the gastro- 
intestinal tract, but rather to lack of absorption 
or to some metabolic disturbance which prevented 
the vitamin A ingested from appearing in the 
plasma. 

In order to investigate this possibility further, 
the effect of administration of vitamin A on the 
plasma levels of these patients was compared with 
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the effect of the administration of the same 
amounts of vitamin A to patients with similarly 
low plasma levels associated with other disorders. 
Eight patients with low plasma vitamin A levels 
associated with lesions other than gastro-intestinal 
tract cancer were given from 50,000 to 150,000 
units daily of vitamin A for from 6 to 20 days. 
The vitamin was administered parcntcrally to 5 
and orally to 3. Three of the patients had well- 
advanced cancer of the pancreas, 2 had hepatic 
cirrhosis, 1 pyloric obstruction secondary to a 
duodenal ulcer, 1 chronic myeloid leukemia, and 
1 an osteogenic sarcoma. In every one the ad- 


to the patients with low plasma levels associated 
with lesions other than gastro-intestinal tract 
cancer. The vitamin was administered orally to 
1 patient, parenterally to 6, and both orally and 
parentcrally to 1. In 5 of the 8 patients the low 
vitamin A levels were associated with normal 
plasma concentrations of carotene. Only 1 pa- 
tient previously had been on a deficient diet. In 
only 2 of the 8 patients did the plasma level of 
vitamin A rise following the administration of 
that substance. Neither of these had been on 
grossly deficient diets, and both had plasma caro- 
tene levels within the normal range. In the other 
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Fig. 9. Effect of Vitamin A Supplement on the Levels of Vitamin A 
and Carotene in the Plasma of a Control Group and of Those with 
Cancer of the Gastro-intestinal Tract 
1. Cancer of pancreas. 2. Cirrhosis. 3. Peptic ulcer. 4. Leukemia. 5. Os- 
teogenic carcinoma. 


ministration of vitamin A was followed by a rise 
ll * ptastna levels of from 40 to 180 per cent 
a ove the original levels (Figure 9). The aver- 
r * se was 90 per cent. Further evidence that 
e a piount of vitamin administered was sufficient 
o raise a level, low because of simple deficiency, 
ls provided by the studies of Steininger (12) and 
0 Murrill (13) who demonstrated that the low 
P asrria levels of vitamin A of normal individuals 
0n vitamin A-deficient diets could be restored to 
norrn a i by the administration of from 20,000 units 
^ ) to 400,000 units (13) of vitamin A. 

n contrast to the findings just described were 
e results of a similar study in patients bearing 
oancer of the gastro-intestinal tract. Eight male 
patients with low plasma concentrations of vitamin 
were given the same amounts of the vitamin, 
°' er P er iods of from 7 to 20 days, as were given 


6 patients the plasma vitamin A levels after 
administration were from 5 to 33 per cent less 
than they had been before, and the average fall 
was 28 per cent (Figure 9). 

In neither the control group nor the group with 
gastro-intestinal cancer did the administration of 
vitamin A effect any consistent change in the 
concentration of carotene in the plasma. 

It appeared, then, that in the patients with 
gastro-intestinal tract cancer some specific dis- 
order was present which prevented the normal 
distribution of vitamin A by the patients, even 
though amounts were made available which could 
raise the low levels in patients with other dis- 
orders. However, it was also possible that the 
rate of destruction or excretion of the vitamin was 
abnormally high. No methods for the investiga- 
tion of these possibilities were at hand. 
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2. Plasma levels of vitamin A in patients who 
had had cancer of the gastro-intestinal 
tract removed 

In order to determine whether or not the low 
plasma levels of vitamin A were contingent upon 
the actual presence of cancer in the organism, the 
concentration of the vitamin was determined in 
the plasma of 19 patients who had had gastro- 
intestinal cancer surgically removed. Eleven of 
the patients were males and 8 females. Twelve 
originally had had cancer of the stomach, and 7 
had cancer of the large bowel. The patients were 
examined from 3 months to 10 years after op- 
eration, and at the time of examination were 
believed to be free of neoplastic disease. Of the 
19 patients, 3 had been on grossly deficient diets 
for at least 4 months before the vitamin A levels 
were determined. 

Of the 11 male patients, 4 had plasma vitamin 
A levels below the normal range, but the average 
was 176 U.S.P. units per 100 cc., only slightly 
more than the average for normal males (170.3 
U.S.P. units). Of the 8 females, only 2 had a 
plasma vitamin A level below the normal range, 
and the average was 145 U.S.P. units per 100 cc., 
a figure slightly less than the average found in 
normal females (149.1 U.S.P. units) (Figure 10). 

It would appear, then, that the incidence of low 
plasma levels of vitamin A in patients who have 
had gastro-intestinal cancer surgically removed is 
considerably less than in patients with the cancer 
still present. 


Kolos Females 



Fig. 10. Plasma Vitamin A and Carotene Levels 
in Patients Who Had Cancer of the Gastro-intes- 
tinal Tract Removed 


3. Plasma levels of vitamin A in patients with 
malignant diseases other than gastro- 
intestinal cancer 

It was next important to discover whether low 
plasma vitamin A levels were confined to individ- 
uals with cancer of the gastro-intestinal tract and, 
accordingly, a group of patients with malignant 
neoplasms of other types was examined. 

Of 48 patients with leukemia, the average 
plasma vitamin A level of 34 males was 119 
U.S.P. units, and the average vitamin A level of 
14 females was 113 U.S.P. units. Of the 48 
patients, 24, or 50 per cent, had plasma levels 
below the normal range. Of 21 patients with 
Hodgkin’s disease, the average plasma vitamin A 
level of 11 males was 63.3 U.S.P. units, and the 
average level of the 10 females was 75.9 U.S.P. 
units. Of the whole group, 18, or 84 per cent, 
had levels below the normal range. Of 9 pa- 
tients with cancer of the head of the pancreas, 
the average for the 6 males was 115 U.S.P. 
units, and for the 3 females 101 U.S.P. units. 
Five of the 9 patients had levels below the normal 
range. Of 6 patients with bone sarcoma, 3, all 
males, had plasma levels of vitamin A below the 
normal limits. 

In sharp contrast were the findings in patients 
with mammary and oral cancer. Only 1 of the 
20 women with cancer of the breast, and none 
of the 8 patients with intra-oral neoplastic dis- 
ease, had plasma levels below the normal range. 

These findings are of interest, since they indi- 
cate that low levels of vitamin A in the plasma 
are not specific for gastro-intestinal cancer but 
also may be found associated with other forms 
of malignant disease. 

C. The effect of the administration of substances 
containing other vitamins on the plasma levels 
of vitamin A in patients with gastro-intes- 
tinal cancer and with other diseases 

Since the administration of vitamin A in 
amounts adequate to raise the low levels of the 
vitamin in the plasma of patients not bearing 
gastro-intestinal cancer had only an irregular ef- 
fect on the plasma levels in patients with this 
disease, the effect of the administration of other 
vitamins was studied. 
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1 . Yeast 

As a part of a general therapeutic regime to 
prepare the patients for operation, 90 grams of 
Flcischmann’s 20-40 granular Brewer’s yeast were 
fed daily, over periods of from 4 to 32 days, to 
17 patients with gnstro-intcstinal cancer. This 
yeast was shown to be free of both vitamin A 
and carotenoids both by the Carr-Price reaction 
and by biological assay. One of the 17 patients 
previously had been given 750,000 U.S.P. units 
of vitamin A parcntcrally, and that amount of 
the vitamin had not elevated the originally re- 
duced plasma level. 

All of the 17 patients, after yeast therapy with- 
out vitamin A, showed a substantial elevation of 
their plasma levels of vitamin A. Fourteen of 
the 17 patients at the outset had plasma levels 
below the normal range. The average rise of 
vitamin A in the plasma of the 17 patients was 
215 per cent, and the range was from 12 to 835 
per cent (Figures 11 and 12). 



Fig. 11. Plasma Vitamin A and Carotene Levels 
or Males with Cancer of the Gastro-intestinal 
RACt Before and After Yeast Therapy 


In contrast to the effect on the plasma concen- 
tration of vitamin A was the lack of any con- 
sistent change in the plasma levels of carotene 
after the administration of yeast. In 6 of the 
17 treated patients the carotene rose, in 7 it fell, 
a nd in 4 there was no change whatsoever. 

. ^ 4 instances, after the yeast had effected a 
” se * n levels of vitamin A in the plasma, the 
t erapy was discontinued. The withdrawal was 
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Fig. 12. Plasma Vitamin A and Carotene Levels 
of Females with Cancer of the Gastro-intestinal 
Tract Before and After Yeast Therapy 


followed in each instance by a drop in the vitamin 
A levels. The course of 1 of these patients, 
G. B., is graphically depicted in Figure 13. In 
this patient a second rise was obtained when the 
treatment was reinstituted. 

Similar elevation of low vitamin A levels to 
the normal range followed the administration of 



Fig. 13 . Plasma Vitamin A and Carotene Levels 
of Patient G. B., $, with Cancer of the Colon Be- 
fore and After Yeast Therapy 
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2. Plasma levels of vitamin A in patients who 
had had cancer of the gastro-intestinal 
tract removed 

In order to determine whether or not the low 
plasma levels of vitamin A were contingent upon 
the actual presence of cancer in the organism, the 
concentration of the vitamin was determined in 
the plasma of 19 patients who had had gastro- 
intestinal cancer surgically removed. Eleven of 
the patients were males and 8 females. Twelve 
originally had had cancer of the stomach, and 7 
had cancer of the large bowel. The patients were 
examined from 3 months to 10 years after op- 
eration, and at the time of examination were 
believed to be free of neoplastic disease. Of the 
19 patients, 3 had been on grossly deficient diets 
for at least 4 months before the vitamin A levels 
were determined. 

Of the 11 male patients, 4 had plasma vitamin 
A levels below the normal range, but the average 
was 176 U.S.P. units per 100 cc., only slightly 
more than the average for normal males (170.3 
U.S.P. units). Of the 8 females, only 2 had a 
plasma vitamin A level below the normal range, 
and the average was 145 U.S.P. units per 100 cc., 
a figure slightly less than the average found in 
normal females (149.1 U.S.P. units) (Figure 10). 

It would appear, then, that the incidence of low 
plasma levels of vitamin A in patients who have 
had gastro-intestinal cancer surgically removed is 
considerably less than in patients with the cancer 
still present. 
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3. Plasma levels of vitamin A in patients with 
malignant diseases other than gastro- 
intestinal cancer 

It was next important to discover whether low 
plasma vitamin A levels were confined to individ- 
uals with cancer of the gastro-intestinal tract and, 
accordingly, a group of patients with malignant 
neoplasms of other types was examined. 

Of 48 patients with leukemia, the average 
plasma vitamin A level of 34 males was 119 
U.S.P. units, and the average vitamin A level of 
14 females was 113 U.S.P. units. Of the 48 
patients, 24, or 50 per cent, had plasma levels 
below the normal range. Of 21 patients with 
Hodgkin’s disease, the average plasma vitamin A 
level of 11 males was 63.3 U.S.P. units, and the 
average level of the 10 females was 75.9 U.S.P. 
units. Of the whole group, 18, or 84 per cent, 
had levels below the normal range. Of 9 pa- 
tients with cancer of the head of the pancreas, 
the average for the 6 males was 115 U.S.P. 
units, and for the 3 females 101 U.S.P. units. 
Five of the 9 patients had levels below the normal 
range. Of 6 patients with bone sarcoma, 3, all 
males, had plasma levels of vitamin A below the 
normal limits. 

In sharp contrast were the findings in patients 
with mammary and oral cancer. Only 1 of the 
20 women with cancer of the breast, and none 
of the 8 patients with intra-oral neoplastic dis- 
ease, had plasma levels below the normal range. 

These findings are of interest, since they indi- 
cate that low levels of vitamin A in the plasma 
are not specific for gastro-intestinal cancer but 
also may be found associated with other forms 
of malignant disease. 

C. The effect of the administration of substances 
containing other vitamins on the plasma levels 
of vitamin A in patients with gastro-intes- 
tinal cancer and with other diseases 

Since the administration of vitamin A in 
amounts adequate to raise the low levels of the 
vitamin in the plasma of patients not bearing 
gastro-intestinal cancer had only an irregular ef- 
fect on the plasma levels in patients with this 
disease, the effect of the administration of other 
vitamins was studied. 
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1. Yeast 

As a part of a general therapeutic regime to 
prepare the patients for operation, 90 grams of 
Fleischmann’s 20-40 granular Brewer’s yeast were 
fed daily, over periods of from 4 to 32 days, to 
17 patients with gastro-intcstinal cancer. This 
yeast was shown to be free of both vitamin A 
and carotenoids both by the Carr-Price reaction 
and by biological assay. One of the 17 patients 
previously had been given 750,000 U.S.P. units 
of vitamin A parcntcrally, and that amount of 
the vitamin had not elevated the originally re- 
duced plasma level. 

All of the 17 patients, after yeast therapy with- 
out vitamin A, showed a substantial elevation of 
their plasma levels of vitamin A. Fourteen of 
the 17 patients at the outset had plasma levels 
below the normal range. The average rise of 
vitamin A in the plasma of the 17 patients was 
215 per cent, and the range was from 12 to 835 
Per cent (Figures 11 and 12). 
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followed in each instance by a drop in the vitamin 
A levels. The course of 1 of these patients, 
G. B., is graphically depicted in Figure 13. In 
this patient a second rise was obtained when the 
treatment was reinstituted. 

Similar elevation of low vitamin A levels to 
the normal range followed the administration of 
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yeast to 13 patients who had such diseases as 
hepatic cirrhosis, retinitis pigmentosa, cholecysti- 
tis, polyposis coli, and cancer of the head of the 
pancreas. The moderately reduced level of vita- 
min A in the plasma of a patient with a peptic 
ulcer was also restored to the normal range after 
the patient was fed yeast. There was no con- 
sistent effect on the plasma carotene of this group 
(Figure 14). 
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Fig. 14. Effect of Yeast on Plasma Vitamin A 
and Carotene Levels in Patients with Diseases 
other than Cancer of the Gastro-intestinal Tract 
1. Cirrhosis. 2. Nyctalopia. 3. Duodenal ulcer. 4. 
Cholecystitis. S. Gastric ulcer. 6. Cancer of pancreas. 
7. Polyposis. 


On the other hand, no elevation of reduced 
plasma levels of vitamin A followed the admin- 
istration of yeast to 2 patients with Hodgkin’s 
disease and to 3 patients with chronic leukemia. 
The normal plasma vitamin A and carotene levels 
of 2 normal individuals also were unaffected after 
the administration of 90 grams of yeast each 
day for 1 week. 4 


soluble vitamin A and other fat-soluble compounds 
from the liver or from other fat depots of the 
body. (3) The yeast corrected some abnormality 
which prevented the normal deposition of the 
vitamin. 

The first possibility has been covered by the 
observation that even the parenteral administra- 
tion of vitamin A usually did not elevate the low 
levels of the vitamin in the plasma of patients 
with gastro-intestinal cancer. 

To examine the second possibility, two mate- 
rials with known lipotropic activity were admin- 
istered to patients. The first material was lipo- 
caic, 0 and its use was suggested by Dr. Charles 
Best of Toronto. It is a pancreatic extract pre- 
pared after the method of Dragstedt (14). The 
second lipotropic substance tested was choline 
chloride. 0 



Fig. IS. Plasma Vitamin A and Carotene Levels of 
Males Before and After Lifocaic 
1. Cancer of colon. 2. Cancer of stomach. 3. Cancer 
of pancreas. 4. Normal. 


2. Lipocaic and choline 

The ability of yeast to raise the plasma levels 
of vitamin A in patients with gastro-intestinal 
tract cancer was considered to be due to one or 
some combination of the following causes: ( 1 ) 
The yeast aided the absorption of ingested caro- 
tenoids through the intestinal wall. (2) It con- 
tained a substance with lipotropic activity which 
caused the release into the blood stream of fat- 


•i The authors are indebted to the Standard Brands, 
Inc., for supplying the yeast used in this investigation. 


(a) Lipocaic. Two patients with rectosigmoid 
cancer and 5 with gastric cancer were fed 5 grams 
daily of lipocaic for from 4 to 18 days. All had 
low plasma levels of vitamin A before therapy 
was instituted, and in 6 of the 7 cases, therapy 
effected substantial, sustained increase of the con- 
centration of the vitamin in the plasma. The 
seventh case showed only a slight increase after 

6 Supplied through the courtesy of the Eli Lilly Com- 
pany. 

0 Supplied through the courtesy of the S. M. A. Cor- 
poration. 
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therapy. The average rise in the plasma of the 
7 patients treated with lipocaic was 270 per cent, 
and the range was from 6 to 710 per cent (Figure 
15). The results in 2 of these patients are 
shown in Figures 16 and 17. 



Days 1 2 5 6 8 10 12 


Fig. 16. Plasma Vitamin A and Carotene Levels 
or Patient S. T., with Cancer of the Colon Be- 
fore and After Lipocaic Therapy 

Five grams of lipocaic were fed each day for 
6 days to 2 normal individuals. After the ad- 
ministration, the plasma levels of vitamin A rose 
ln one individual from 126 to 212 U.S.P. units, 
and in the other from 140 to 215 U.S.P. units. 

Five grams of lipocaic were administered each 
day for 4 days to a patient with cancer of the 
pancreas. After the administration of this sub- 
stance, his plasma level of vitamin A fell from 
1 12 to 64 U.S.P. units. 

(^) Choline chloride. The lipotropic effect of 

is substance now has been demonstrated by 
several workers (15, 16). 



Fig. 17. Plasma Vitamin A and Carotene Levels of 
F. C., c?, Before and After Lipocaic Therapy 

Six patients with gastric cancer and 1 with 
rectal cancer were fed 1.5 grams of choline chlo- 
ride each day for 3 days. Five of the 6 patients 
had abnormally low plasma vitamin A levels when 
the administration of choline was begun. In all 
6 patients the therapy effected substantial in- 
creases in the plasma levels of the vitamin. The 
average rise after choline chloride was 73 per cent, 
and the range was from 30 per cent to 140 per 
cent (Figure 18). 

One and a half grams of choline chloride were 
fed each day for from 3 to 5 days to 5 patients 
with such diseases as retinitis pigmentosa, peptic 
ulcer, cancer of the bronchus, sarcoma of the 
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Patients Before and After Choline Therapy 
L Carcinoma of stomach. 2. Carcinoma of bronchus. 
3. Hemolytic anemia. 4. Retinitis pigmentosis. 5. Car 

rs : 6 - Sarcoma ° f 7 - Peptic 
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stomach, and hemolytic anemia. In every instance 
the administration of choline chloride effected a 
rise in the plasma levels of vitamin A. The 
average rise was 98 per cent (Figure 18), and 
the range was from 15 per cent to 300 per cent. 

Nine normal individuals also were given 1.5 
grams of choline chloride each day for 3 days. 
After the administration of this substance, the 
vitamin A levels in the plasma of all 9 individuals 
increased from 6 per cent to 90 per cent. The 
average rise was 46 per cent (Figure 19). 
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Fig. 19. Plasma Vitamin A and Carotene Levels in 
Normal Adults Before and After Choline 


It appears from the evidence that the effect of 
yeast, and that of lipocaic and choline, is some- 
what similar as far as the plasma levels of vitamin 
A in the patients studied are concerned. Further 
investigation will be required to establish the iden- 
tity, or lack of identity, of the effective consti- 
tuents of the three materials tested. 

Experiments are now in progress to test the 
third possible action of the yeast, namely that the 
administration of the yeast corrected an abnor- 
mality which prevented normal storage of the 
vitamin A. The vitamin A and carotene contents 
of liver biopsies of patients with and without 
gastro-intestinal cancer are now being determined. 
Half of these patients are fed yeast or vitamin A 
previous to laparotomy. 

DISCUSSION 

All of the vitamin A determinations in this 
communication were based on the Carr-Price re- 
action. This reaction is not specific for vitamin 


A alone, since certain plant pigments and carotene 
are known to give a blue color reaction with anti- 
mony trichloride (17). However, the Carr-Price 
reaction is the most satisfactory chemical method 
for the quantitative estimation of vitamin A and 
carotene (18), and it is generally accepted that the 
amount of blue color produced by the reaction of 
the vitamin with antimony trichloride is propor- 
tional to the amount of vitamin A present (7). 
Koehn and Sherman (7) found that values ar- 
rived at by biochemical assays were in excellent 
agreement with the photoelectric measurements of 
the Carr-Price reaction products of vitamin A in 
cod liver oil. From their studies they obtained 
a factor of 2120 with which to convert E (1 per 
cent, 1 cm.) into U.S.P. units of vitamin A per 
gram of oil. 

Barthen and Leonard (19), furthermore, found 
that the biological assay of vitamin A in fish oils 
gave values which checked closely with those ob- 
tained by direct spectroscopic measurements of 
the same samples. These workers arrived at a 
conversion factor of 2222. 

Baxter and Robeson (20) have prepared crys- 
talline vitamin A. Spectrophotometric measure- 
ments of the crystalline vitamin itself and of the 
blue Carr-Price reaction product of it gave values 
within 3 per cent of each other. These authors 
compared the vitamin A potency of fish oil prep- 
arations both by bio-assay and by spectrophotom- 
etry, and calculated a factor of 2100 by which 
one could convert the spectrographic extinction 
coefficient into U.S.P. units. This last conversion 
factor has been confirmed (21). 

There have been no reports in the literature of 
direct spectrophotometric measurements of those 
substances in blood plasma which give the blue 
color with the Carr-Price reagent. At our sug- 
gestion, Dr. Embree and Dr. Shantz of the Dis- 
tillation Products, Inc., analyzed a sample of 
plasma for its vitamin content. 7 This sample was 
first assayed in this laboratory by the Carr-Price 
reaction, and was found to contain 75 U.S.P. 
units of the vitamin. Spectrophotometric meas- 
urements of the antimony trichloride reaction 
product then indicated that the sample contained 
72 U.S.P. units. 

1 This work was done by the Vitamin Distillation Cor- 
poration through the courtesy of Dr. N. D. Embree. 
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The same sample of plasma was treated by the 
technique of Embrcc (22) to cyclizc any vitamin 
A which may have been present. The plasma 
treated by their technique showed an absorption 
spectrum after treatment which was typical of 
cyclic vitamin A, and the amount of cyclic vitamin 
A formed (72 U.S.P. units) corresponded very 
closely with the amount of vitamin A assumed to 
be present on the basis of the Carr-Price reaction 
previously performed on the same sample of 
plasma; namely, 75 U.S.P. units. 

Since the various conversion factors obtained 
by different groups of investigators have checked 
so closely, and since the cyclic vitamin A meas- 
ured in the plasma could have been formed only 
from preexisting vitamin A, it is evident that the 
interpretation of the results of the Carr-Price 
technique used in the studies here reported rests 
on a sound basis. 

It was important to determine whether or not 
the apparent increase of vitamin A in the plasma, 
effected by the administration of yeast and lipo- 
caic, was due to vitamin A or other carotenoids. 
When the Carr-Price technique was applied to 
yeast and lipocaic, the final extracts gave no blue 
color. It therefore seemed unlikely that the in- 
crease of the Carr-Price reactants of the plasma 
of patients treated with these materials was due 
to the administration of any carotenoids. Choline 
chloride does not give the Carr-Price reaction. 

Both yeast and lipocaic contain fractions which 
can reduce the fat content of the fatty liver of 
animals treated with biotin (23). The fatty livers 
of pancreatectomized animals, controlled with in- 
sulin and glucose, and of animals on high fat 
diets, can be prevented, and the fat content of the 
already pathological liver reduced, when the ani- 
mals are fed lipocaic (24, 25), or yeast (26). 
Choline chloride also can prevent the deposition 
of fat into the livers of animals on high fat-low 
protein diets (27) and reduce the lipid content of 
the fatty liver (28). Choline exists in both yeast 
(29) and lipocaic (30) and therefore the lipo- 
tropic effects of those materials could have been 
due to their content of choline. 

It is possible, therefore, that the lipotropic 
properties of yeast, lipocaic and choline, which 
demobilize lipoids from the liver, might be respon- 
sible for the increase in the content of fat-soluble 
vitamin A in the plasma after the administration 


of these lipotropic substances. This possibility is 
based on the assumption that the lipoids in the 
fatty liver may withhold from the blood the fat- 
soluble vitamins — an assumption as yet unproved 
by experiment. Should this be the explanation of 
the increased levels of vitamin A in the plasma 
after the yeast and lipocaic therapy, then there 
must come a time when continued treatment will 
deplete all the hepatic store of vitamin A. Con- 
tinued therapy, therefore, should be unable to 
maintain the increased plasma concentration of 
the vitamin. This stage may have been reached 
in the case of G. B. (Figure 13) cited in the 
previous section. The concentration of vitamin 
A had been increased in the plasma of that patient 
by feeding 90 grams of yeast per day, but after 
20 days of yeast therapy the plasma level of the 
vitamin once again fell to near its original value. 

Although the Carr-Price reactants of the plasma 
appear to be entirely vitamin A, it would be im- 
portant, nevertheless, to determine whether or not 
the increase of plasma vitamin A after yeast 
therapy represents an apparent or true increase. 
Plans for such an experiment are in progress in 
collaboration with Dr f Embree of the Vitamin 
Distillation Corporation. 

It also would be interesting to correlate the 
plasma levels of the Carr-Price reactants with an 
improvement of a physiologic function dependent 
upon vitamin A. Both good and bad correlations 
of the plasma levels of vitamin A with visual dark 
adaptation have been reported (31, 32). A recent 
study which employed the Hecht adaptometer 
(33) concluded that the plasma vitamin A level 
of an individual was not a good index of his 
ability to effect dark adaptation. 

The explanation for the observation that pa- 
tients with gastro-intestinal cancer have low 
plasma levels of vitamin A was considered at 
first to be an insufficient intake of carotenoids. 
This was thought to be due possibly to a de- 
ficiency of carotenoids in the diet or to malab- 
sorption of carotenoids from the gastro-intestinal 
tract. However, as previously indicated, deficient 
diets or a deficient intake of carotenoids could not 
explain the low plasma vitamin A levels in the 
51 patients with gastro-intestinal cancer. This 
was demonstrated by the following observations : 
(1) Seventy-five per cent of the patients had 
satisfactory dietary histories. (2) Only 15 per 
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cent of a control group of patients with oral leuko- 
plakia, and none of a control group with atrophic 
gastritis who had been on a similar diet, had 
reduced levels of plasma vitamin A. ( 3 ) Fifty- 
five per cent of the 51 patients had normal plasma 
levels of carotene. ( 4 ) Of the 28 patients who 
had low plasma levels of vitamin A and normal 
plasma carotene levels, 18 were examined further 
for thiamin or riboflavin deficiency. None of the 
18 were deficient in thiamin and only 1 was 
deficient in riboflavin. (5) Of great importance 
was the observation that the parenteral adminis- 
tration of large amounts of vitamin A was unable 
to raise the plasma level of the vitamin in 6 of 8 
patients with gastro-intestinal cancer, but was able 
to do so in all of 8 patients with vitamin A de- 
ficiency who were used as controls. This latter 
group included 6 patients with malignant neo- 
plastic disease other than gastro-intestinal cancer 
and 2 with non-neoplastic disorders. It has been 
demonstrated by Steininger (12) and by Murrill 
(13) that normal individuals on low vitamin A 
diets develop low levels of the vitamin in their 
plasma. The administration of from 20,000 to 
400,000 units of vitamin A promptly restored to 
normal the plasma levels of the vitamin in the 
normal individuals. 

It is unlikely that malabsorption of fat-soluble 
vitamins could have been responsible for the low 
levels of vitamin A in the plasma of patients 
with gastro-intestinal cancer. Only 6 of the 51 
patients presented either had diarrhea or suffered 
from persistent vomiting. It is true that in those 
6 patients the diarrhea or vomiting might have 
prevented adequate absorption of vitamin A from 
their gastro-intestinal tracts. If this were the 
reason for the low vitamin A concentration in 
the plasma of those 6 patients, then low concen- 
trations of the vitamin should have been expected 
to exist in the plasma of other patients bearing 
benign gastro-intestinal lesions and who had a 
comparable degree of diarrhea or vomiting. How- 
ever, of 14 patients with benign gastro-intestinal 
lesions, 6 had severe diarrhea and 8 had suffered 
from persistent vomiting, but only 2 of these 14 
had a plasma vitamin A level below the normal 
range. 

It was evident, then, that patients with gastro- 
intestinal cancer could have low levels of vitamin 
A in their plasma despite their adequate ingestion 


and absorption of the vitamin. Then, could the 
low plasma levels of vitamin A in these patients 
be due to an inability to store the vitamin or to 
convert it from its precursor carotenoids? 

Under normal conditions about 90 per cent of 
the vitamin A in the human body is stored in the 
liver (34, 35). It has been demonstrated that 
damaged livers have difficulty in storing other sub- 
stances; namely, glycogen (36), labile protein 

(37) , and the anti-pernicious anemia principle 

(38) . It is thus plausible that the damaged liver 
might no longer be able to store vitamin A. It 
previously has been pointed out that the hepatic 
store of vitamin A in patients with portal cir- 
rhosis and with acute or chronic liver atrophy is 
considerably reduced (39 to 42). Undoubtedly, 
the liver is intimately concerned with the metabo- 
lism of vitamin A since, not only does it control 
the distribution of the vitamin in various parts 
of the organism (34), but it also converts caro- 
tene through an enzymatic reaction into the vita- 
min (43, 44). It appears that, as other hepatic 
functions are lost in the damaged liver, this 
conversion of carotene into vitamin A also is 
impaired (45, 46). 

It was important, therefore, to ascertain 
whether or not patients bearing cancer of the 
gastro-intestinal tract have any anatomical or 
physiological derangement of their livers. The 
most likely explanation for hepatic derangement 
in these patients would be metastatic replace- 
ment of liver tissue by the cancer. However, of 
the 51 patients, the livers of 37 were examined at 
laparotomy and of these, 26 had no gross evidence 
of metastatic involvement. The cancerous infil- 
tration into the livers of the other 11 patients 
was minimal. There was no higher incidence of 
low plasma vitamin A levels among the patients 
with metastases to the liver than among those 
whose livers were free of cancer. 

Nevertheless, the patients with gastro-intestinal 
cancer presented in this communication did have 
evidence of hepatic insufficiency. This insuffi- 
ciency was indicated by the fact that 2 or more of 
8 liver functions which were tested in each patient 
of this group were discovered to be abnormal. 
The details of this study will form the subject 
of a subsequent report. 

To date, 19 patients have been studied who have 
had successful resection of gastro-intestinal can- 
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cer from 3 months to 10 years ago. Fourteen of 
these patients had plasma levels of vitamin A 
within normal limits and considerably less evi- 
dence of hepatic dysfunction than did the patients 
bearing gastro-intcstinal cancer. 

The hepatic dysfunction found to exist in pa- 
tients with cancer of the gastro-intcstinal tract 
might account for a derangement in the metabolic 
processes which involve vitamin A formation and 
storage. It is impossible to state definitely, as 
yet, whether or not the hepatic dysfunction and 
the low plasma level of vitamin A found in the 
patients with gastro-intcstinal cancer are depend- 
ent on the presence of cancer in the organism, but 
this appears probable from the evidence. 

SUMMARY AND CONCLUSIONS 

1. The levels of vitamin A in the plasma of 
patients with gastro-intestinal cancer were found 
to be below the normal range in 86 per cent of 
the patients examined. 

2. The probable explanation for the low plasma 
levels of vitamin A is thought to be (a) an in- 
adequate ingestion and absorption of the vitamin, 
(&) an hepatic dysfunction as concerns the stor- 
age of vitamin A or its formation from carotene. 

3. It has been shown that in a proportion of 
the patients studied, a dietary deficiency or malab- 
sorption of the vitamin could not explain the low 
plasma vitamin A values. 

4. Patients who have had successful resection 
of gastro-intestinal cancer have a much lower in- 
cidence of reduced plasma levels of vitamin A 
than do the patients in whom gastro-intestinal 
cancer is still -present. 

5. The administration of yeast and lipocaic, 
themselves free of carotenoids, raised the reduced 
plasma levels of vitamin A in patients with 
gastro-intestinal cancer. This property of the 
yeast and lipocaic could have been due to choline 
chloride and perhaps to other lipotropic sub- 
stences contained in these materials. 

6. A high incidence of reduced vitamin A levels 
^so was found in the plasma of patients with 
other malignant diseases ; namely, with lymphomas, 
cancer of the head of the pancreas, and bone 
^rcoma. 
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Investigation of the serum proteins in disease 
is handicapped by lack of clinically applicable 
methods for resolving the complex system of pro- 
teins present in blood serum into homogeneous 
components. The only fractionation now pos- 
sible is into groups of proteins having like solu- 
bility characteristics or electrophoretic mobilities 
or sedimentation constants (depending upon the 
method employed) but varying in other proper- 
ties and in composition (1). However, these 
methods, if rigidly standardized, give repro- 
ducible results and, in certain diseases, charac- 
teristic divergencies from normal patterns. The 
separations therefore, though arbitrary, have at 
least empirical value. 

The present study deals with the empirical 
application of Howe’s method (2) and the elec- 
trophoretic technique (3, 4) to fractionation of 
the serum proteins in various diseases presenting 
yperproteinemia. Multiple myeloma is of spe- 
cial interest in this connection. Not only is the 
incidence and degree of hyperproteinemia un- 
usually high (5, 6, 7, 8), but there is extraordi- 
nary variability in the composition of the protein 
increment (7, 9), as indicated by fractional pre- 
cipitation with neutral salts (5, 10, 11, 12), by 
electrophoresis (4, 13), and by ultracentrifuga- 
bon (13), The significance of these peculiarities 
has not been made clear. 

To provide a common basis for consideration 
° # 0Ur hidings in hyperproteinemia, we have first 
Med results obtained in normal adult subjects. 

. f 1 ™ protein partitions in a variety of chronic 
ect i°ns and in cirrhosis are then recorded to 
1 ustrate the uniform plan in distribution of 
% obulin subfractions which characterizes hyper- 
proteinemia of all such etiology. Some of our 
case swith elevated serum protein levels due to 
u bple myeloma likewise showed this conven- 
°nal fractional distribution. Others, however, 


presented certain distinctive anomalies in both 
the Howe and electrophoretic patterns, which 
were found to be due in large part to Bence- 
Jones proteinemia and to be of value in diagnosis. 

METHODS 

Blood samples were withdrawn without prolonged tour- 
niquet stasis. 

Total nitrogen was determined in 0.5 ml. samples of 
serum, made up to 25 ml. with 0.9 per cent NaCl solution 
in a volumetric flask. Triplicate 4 ml. aliquots were 
digested in 100 ml. Pyrex Kjeldahl flasks, then steam- 
distilled in a modified Pregl micro- Kjeldahl apparatus into 
5 ml. saturated boric acid (14) containing methyl red 
(recrystallized) indicator. Titration was carried out with 
N/70 HCI, matching with a control containing 5 ml. boric 
acid-indicator mixture plus sufficient blank distillate to 
approximate the volume of the unknown. Non-protein 
nitrogen was determined by the Folin-Wu method. 

The Howe technique has been carried out with precau- 
tions since November, 1937, to minimize the filtration 
error (15). The albumin fraction was determined in 1.0 
ml. samples of serum. Thirty ml. of a 22.2 per cent 
solution of sodium sulfate (Merck anhydrous nitrogen- 
free) were added in an incubator room maintained at 37°, 
where the mixture remained (with the usual precautions) 
for 3 hours to overnight. Nine cm. Number 50 Whatman 
paper was used and the first filtrate, approximately 2/5 of 
the total volume, was discarded. Nitrogen was deter- 
mined in triplicate 3 ml. aliquots of the last filtrate by the 
procedure indicated. The total serum globulin fraction 
was estimated by difference. 

The “ euglobulin ” fraction was determined in 0.5 ml. 
samples of serum to which were added 15 ml. of 14 per cent 
sodium sulfate at 37°. Filtration was carried out with 
7.0 cm. Number 50 Whatman filter paper. The first por- 
tion of the filtrate, about H of the total volume, was 
discarded. Nitrogen was determined in triplicate 3 ml. 
aliquots of the last portion of filtrate by the procedure 
indicated. The “ pseudoglobulin I ” fraction was esti- 
mated in 0.5 (or, if available, 1.0) ml. samples of serum 
in the same way, using 18 per cent sodium sulfate. The 
'* pseudoglobulin II ” fraction was estimated by difference. 
The conventional conversion factor 6.25 was applied to all 
fractions to calculate protein content from protein nitrogen 
values. 
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TABLE II 

Partition of serum proteins by the Howe method: hyper globulinemia due to lymphogranuloma venereum , sarcoid f 

miscellaneous injections and cirrhosis 
(Results expressed in grams per 100 cc . serum) 


Number 

Sex, 

age 

Diagnosis 

1 Total 
proteins 

! 

1 

Albumin 

Total 

globulins 

i 

i 

Euglo- 

bulin 

Pseudoglobulins 

Total 

I 

II 

1 

F50 

Lymphogranuloma venereum 

11.2 

3.5 

7.7 

3.4 

4.3 

3.8 

0.5 

2 

F52 

Lymphogranuloma venereum 

9.8 

3.7 

6.1 

2.2 

3.9 

3.3 

0.6 

3 

F32 

Lymphogranuloma venereum 

9.2 

3.5 

5.7 

2.7 

3.0 

2.2 

0.8 

4 

M45 

Lymphogranuloma venereum 

9.2 

3.3 

5.9 

1.8 

4.1 

3.4 

0.7 

5 

F53 

Lymphogranuloma venereum 

. 9.1 

2.4 

6.7 

3.0 

3.7 

3.3 

0.4 

6 

M45 

Lymphogranuloma venereum 

9.0 

! 2.7 

6.3 

2.0 

4.3 

3.7 

0.6 

7 

M34 

Lymphogranuloma venereum 

8.1 

4.7 

3.4 

0.5 

2.9 

2.2 

0.7 

8 

M39 

Lymphogranuloma venereum 

8.0 

3.2 

4.8 

1.0 

3.8 

3.2 

0.6 

9 

F48 

Lymphogranuloma venereum 

7.9 

3.5 

4.4 

1.0 

3.4 

2.6 

0.8 

10 

M59 

Lymphogranuloma venereum 

7.2 

3.7 

3.5 

1.1 

2.4 

2.1 

0.3 

11 

M48 

Sarcoid 

9.7 

3.9 

5.8 

2.3 

3.5 

3.1 

0.4 

12 

F29 

Sarcoid 

9.6 

4.2 

5.4 

2.1 

3.3 

2.8 

0.5 

13 

F58 

Sarcoid 

8.3 

2.0 

6.3 

3.1 

3.2 

2.8 

0.4 

14 

F24 

Sarcoid 

7.5 

3.8 

3.7 

0.9 

2.8 

2.3 | 

0.5 

15 

F53 

Sarcoid 

7.0 

1.7 

5.3 

1.8 

3.5 

3.2 j 

0.3 

16 

M26 

Poikilodermatomyositis 

9.4 

4.4 

5.0 

1.9 

3.1 

2.5 

0.6 

17 

F38 

Undiagnosed 

8.9 

4.2 

4.7 

1.4 

3.3 

2.5 

0.8 

18 

F17 

Lupus erythematosus disseminatus 

8.3 

3.0 

5.3 

1.9 

3.4 

2.4 

1.0 

19 

M51 

Hemolytic streptococcus bacteremia 

8.3 

4.1 

4.2 

0.9 

3.3 

2.7 

0.6 

20 

F28 

Hemolytic streptococcus bacteremia 

8.0 

4.3 

3.7 

! 0.9 

2.8 

2.2 

0.6 

21 

F23 

Lupus erythematosus disseminatus 

7.9 

2.8 

5.1 

1.4 

3.7 

3.3 

0.4 

22 ! 

F21 I 

Undiagnosed 

7.9 

3.8 

4.1 

i 0.8 

3.3 

2.7 

0.6 

23 

F22 

Tuberculous lymphadenitis 

7.9 

4.7 

3.2 

! 0.5 

2.7 

2.1 

0.6 

24 

F45 

Leprosy 

7.6 

3.4 

4.2 

: 0.9 

3.3 

2.7 

0.6 

25 

M37 

Subacute bacterial endocarditis 

7.3 

3.1 

4.2 

! 1.0 

3.2 

2.7 

0.5 

26 

M38 

Leukemia 

7.2 

3.4 

3.8 

0.7 

3.1 

2.5 

0.6 

27 

F16 

Rheumatic fever, nephritis 

7.2 

3.8 

3.4 

! 0.6 

2.8 

2.1 

0.7 

28 

M53 

Rheumatoid arthritis 

7.1 i 

3.5 

3.6 

0.9 

! 2.7 

2.0 

0.7 

29 

M28 

Pylephlebitis 

7.0 | 

3.4 

3.6 

1 0.8 

2.8 

2.1 

0.7 

30 

F55 

Undiagnosed 

6.9 i 

2.7 

4.2 

0.8 

3.4 

2.8 

0.6 

31 

F35 

Cirrhosis 

7.7 | 

3.4 

4.3 

0.8 

3.5 

3.0 

0.5 

32 

F51 

Cirrhosis 

7.5 

2.4 

5.1 

1.1 

4.0 

3.7 

0.3 

33 

M48 

Cirrhosis 

7.3 

2.9 

4.4 

1 1.2 

3.2 

2.7 

0.5 

34 

M48 

Cirrhosis 

7.1 

2.9 

4.2 

1.1 

3.1 

2.7 

0.4 

35 

M49 

Cirrhosis 

6.9 

3.4 

3.5 

0.9 

2.6 

2.2 

0.4 

36 

F67 

Cirrhosis 

6.6 

2.1 

4.5 

1.1 

3.4 

2.9 

0.5 

37 

M59 

Cirrhosis 

6.5 

2.4 

4.1 

1 0.7 

3.4 

1 2.8 

0.6 

38 

M52 

Cirrhosis 

6.4 

1.6 

4.8 

1.6 

3.2 

3.0 

0.2 

39 

M68 

Cirrhosis 

5.7 

2.0 

3.7 

1 0.9 

2.8 

2.4 

0.4 

40 

M45 

Cirrhosis 

5.1 

2.1 

3.0 

0.5 

2.5 

2.2 

0.3 


tions tend to be lower in the A than in the B 
series but the difference is small in normal sera 
and becomes imperceptible in conditions causing 
hy perglobul inem ia . 1 

Due to overlapping of precipitation limits, in- 
complete precipitation, adsorption, and other 
causes (20, 21), the separation of fractions by 
salting-out procedures such as Howe s method is 


i The terms “euglobulin," “pseudoglobulin I” and 
“pseudoglobulin II ” will be used throughout in the sense 
employed by Howe, to designate arbitrarily defined serum 
protein mixtures preeipitable. respectively, in . 30 volumes 
of (approximately) 1.0, 1.25 and 1.5 M sodium sulfate 
solution. Each of these fractions contains both water- 
insoluble and water-soluble serum globulins (19), the 
“ euglobulins ” and “ pseudoglobulins ” of classical usage. 


very imperfect, particularly with respect to the 
globulin subfractions. Moreover, the composi- 
tion of fractions preeipitable with the same con- 
centration of salt may be quite different in 
different conditions. For example, the large 
“euglobulin” fraction in some cases of multiple 
myeloma doubtless contains proteins not present 
in the corresponding “euglobulin” fraction of 
normal serum and may be different in composi- 
tion from the “euglobulin” fraction in infections. 

Serum protein partitions in chronic infections pre- 
senting hyperproteinemia, and in cirrhosis 

The diseases in which marked hyperglobu- 
linemia commonly occurs, and which are there- 
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fore suitable for study of the scrum proteins in 
hyperproteinemia, fall into three main groups: 
certain chronic infections, cirrhosis and multiple 
myeloma. Data representative of results with 
the Howe method in chronic infections and in 
cirrhosis are summarized in Table II. Multiple 
myeloma, a special case, will be considered 
separately. 

/. Total scrum proteins . The disease most 
frequently represented in our series is lympho- 
granuloma venereum which, as indicated else- 
where (22, 23), is a common cause of marked 
hyperproteinemia in this area, as in many other 
localities (24, 25, 26, and others). Apart from 
multiple myeloma, all our total protein values of 
10.0 grams per cent or over (as high as 11.7 
grams per cent) occurred in lymphogranuloma 
venereum, with the exception of one case of 
kala-azar (11.4 grams per cent), one of sarcoid 
(10.0 grams per cent) and one of undetermined 
cause (10.0 grams per cent). Less marked and 
less consistent hyperproteinemia was observed in 
a variety of other conditions, as indicated in 
Table II. 

Serum albumins . The significant features 
of the relation of serum albumin levels to total 
serum proteins, in diseases presenting hyper- 
globulinemia, are brought out in Figure 1. This 
figure includes 90 points representing results in 
80 cases of lymphogranuloma venereum, 85 
points in 70 patients with other infections, 70 
points in 62 cases of cirrhosis and the 36 normal 
values of Table I A. There is clearly no corre- 
lation, positive or negative, between the albumin 
and the total protein content of the serum in 
these conditions. Serum albumin levels higher 
than those observed in normal subjects were not 
encountered (except in states of marked hemo- 
concentration) ; when the albumins are affected, 
as they are in a variety of debilitating conditions 
(27) i the trend uniformly is downward irrespec- 
tive of the total protein level. In cirrhosis the 
serum albumin content often is disproportion- 
ately low in relation to the total protein content. 
All these findings conform with the general 
e xperience. 

Serum globulins . Data from the same cases 
presenting hyperglobulinemia are plotted in the 
lower part of Figure 1 to illustrate the well- 
recognized relation of serum globulins to total 


« 

< 

50 


• ■ 
J* J 






4.0 



• • 

k f *% 

•j. 

• • 

• 




S' 8 ; 

P “ 

-o # b« : 

f * 

•w 

5 o 

ht 

-v 

7. 4 


!* 

t 

.* • 

° o 

CCD O 

• o 

o 

• 

• 

s 

lxJ 

if) 

c£ 

2 

' w — 

• 

«to? 

0 o°° a 
SO 

00 8 0 ' 

70 

itr 

20. . 

90 

122 

'!0 J20 

RO 






% 

% 

70 




O 0 

• 

1 m 

% 

• 

o 

• 

If) 

z 

6 JO 


< 

>v 

L* 

• 


so 

\ 

°o 

tf> 8 

i • 

• • 1 

* 

» t 

" • 1 


_! 

4.0 

COCD 

7”' 

> db 

k°Y 

6* 

• 



3 

O 

g 

Ld 

if) 

. 

■ a 

t •( 

• ar • . 

«.4i 

■a 

v. 

• 




PO 

°*V 


¥ 






1 

%SL 


m 

22 : 

m i 

'12J22 


TOTAL SERUM PROTEINS - GWb 


Fig. 1. Relation of Albumin Content (Upper) and 
of Globulin Content (Lower) to Total Protein Con- 
tent of Serum in Diseases Presenting Hyperglobu- 
linemia 

The solid dots represent cases of lymphogranuloma 
venereum and other infections; hollow dots represent cases 
of cirrhosis; squares are normal values, normal range 
enclosed by heavy lines. 

protein levels. The points show a definite trend 
with a sharp, positive slope which reflects the 
direct proportionality between the total globu- 
lin and total protein content of the serum. 
The aberrant position of many points repre- 
senting cases of cirrhosis is indicative of their 
disproportionately high globulin content. These 
points also show how frequently marked hyper- 
globulinemia, if accompanied by sufficiently de- 
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TABLE II 

Partition of serum proteins by the Howe method: hyper globulinemia due to lymphogranuloma venereum, sarcoid, 

miscellaneous infections and cirrhosis 
(Results expressed in grams per 100 cc. serum) 


Number 

Sex, 

age 

Diagnosis 

Total 

proteins 

Albumin 

Total 

globulins 

i 

Euglo- 

bulin 

Pseudoglobulins 

Total 

I 


1 

F50 

Lymphogranuloma venereum 

11.2 

3.5 

7.7 

3.4 

4.3 

3.8 


2 

F52 

Lymphogranuloma venereum 

9.8 

3.7 

6.1 

2.2 

3.9 

3.3 

7 

3 

F32 

Lymphogranuloma venereum 

9.2 

3.5 

5.7 

2.7 

3.0 

2.2 


4 

M45 

Lymphogranuloma venereum 

9.2 

3.3 

5.9 

1.8 

4.1 

3.4 


5 

F53 

Lymphogranuloma venereum 

. 9.1 

2.4 

6.7 

3.0 

3.7 

3.3 


6 

M45 

Lymphogranuloma venereum 

9.0 

2.7 

6.3 

2.0 

4.3 

3.7 


7 

M34 

Lymphogranuloma venereum 

8.1 

4.7 

3.4 

0.5 

2.9 

2.2 


8 

M39 

Lymphogranuloma venereum 

8.0 

3.2 

4.8 

1.0 j 

3.8 

3.2 


9 

F48 

Lymphogranuloma venereum 

7.9 

3.5 

4.4 

1.0 

3.4 

2.6 


10 

M59 

Lymphogranuloma venereum 

7.2 

3.7 

3.5 

1.1 

2.4 

2.1 


11 

M48 

Sarcoid 

i 9.7 

3.9 

5.8 

2.3 j 

3.5 

3.1 


12 

F29 

Sarcoid 

9.6 

4.2 

5.4 

2.1 i 

3.3 1 

2.8 


13 

F58 

Sarcoid 

8.3 

2.0 

6.3 

3.1 

3.2 

2.8 


14 

F24 

Sarcoid 

7.5 

3.8 

3.7 

0.9 

2.8 

2.3 


15 

F53 

Sarcoid 

7.0 

1.7 

5.3 

1.8 

3.5 

3.2 


16 

M26 

Poikilodermatomyositis 

9.4 

4.4 

5.0 

1.9 

3.1 

2.5 


17 

F38 

Undiagnosed 

8.9 

4.2 

4.7 

1.4 

3.3 

2.5 


18 

, F17 

Lupus erythematosus disseminatus 

8.3 

3.0 

5,3 

i 1 - 9 

3.4 

2.4 


19 

! M51 

Hemolytic streptococcus bacteremia 

8.3 

4.1 

4.2 

! 0.9 

3.3 

2.7 


20 i 

F28 

Hemolytic streptococcus bacteremia 

8.0 

4.3 

3.7 

! 0.9 

2.8 

2.2 


21 i 

F23 

Lupus erythematosus disseminatus 

7.9 

2.8 

5.1 

1.4 

3.7 

3.3 


22 ! 

F21 1 

Undiagnosed 

7.9 

3.8 

4.1 

! 0.8 

3.3 

2.7 


23 

F22 

Tuberculous lymphadenitis 

7.9 ! 

4.7 

3.2 

0.5 

2.7 

2.1 


24 

F45 

Leprosy 

7.6 

3.4 

4.2 

0.9 

3.3 

2.7 


25 

M37 

Subacute bacterial endocarditis 

7.3 

3.1 

4.2 

1.0 

3.2 

2.7 


26 

M38 

Leukemia 

7.2 

3.4 

3.8 

0.7 

3.1 

2.5 


27 

F16 

Rheumatic fever, nephritis 

7.2 

3.8 

3.4 

0.6 

2.8 

2.1 


28 

M53 

Rheumatoid arthritis 

7.1 

3.5 

3.6 

0.9 

2.7 

2.0 


29 

M28 

Pylephlebitis 

7.0 

3.4 

; 3.6 

0.8 

2.8 

2.1 


30 

F55 

Undiagnosed 


2.7 

4.2 

0.8 

3.4 

2.8 


31 

F35 

Cirrhosis 

'mtiam 

3.4 

4.3 

0.8 

3.5 

3.0 


32 

F51 

Cirrhosis 


2.4 

5.1 

1.1 

4.0 

3.7 


33 

M48 

Cirrhosis 

■la 

2.9 

4.4 

1.2 

3.2 

2.7 


34 

M48 

Cirrhosis 

7.1 

2.9 

4.2 

1.1 

3.1 

2.7 


35 

M49 

Cirrhosis 

6.9 

3.4 

3.5 

0.9 

2.6 

2.2 


36 

F67 

Cirrhosis 

6.6 

2.1 

4.5 

1.1 

3.4 

2.9 


37 

M59 

Cirrhosis 

6.5 

2.4 

4.1 

0.7 

3.4 

2.8 


38 

M52 

Cirrhosis 

6.4 

1.6 

4.8 

1.6 

3.2 

3.0 


39 

M68 

Cirrhosis 

5.7 

2.0 

3.7 

0.9 

2.8 

2.4 


40 

M45 

Cirrhosis 

5.1 

2.1 

3.0 

0.5 

2.5 

2.2 



tions tend to be lower in the A than in the B 
series but the difference is small in normal sera 
and becomes imperceptible in conditions causing 
hyperglobulinemia. 1 

Due to overlapping of precipitation limits, in- 
complete precipitation, adsorption, and other 
causes (20, 21), the separation of fractions by 
salting-out procedures such as Howe’s method is 

i The terms “euglobulin,” “ pseudoglobulin I” and 
‘‘pseudoglobulin II ” will be used throughout in the sense 
employed by Howe, to designate arbitrarily defined serum 
protein mixtures precipitable, respectively, in 30 volumes 
of (approximately) 1.0, 1.25 and 1.5 M sodium sulfate 
solution. Each of these fractions contains both water- 
insoluble and water-soluble serum globulins (19), the 
" euglobulins ” and “pseudoglobulins” of classical usage. 


very imperfect, particularly with respect “ 
globulin subfractions. Moreover, the c< ' 
tion of fractions precipitable with the sat ;; 
centration of salt may be quite , differ 
different conditions. For example, tin - 
"euglobulin” fraction in some cases of r> 
myeloma doubtless contains proteins not ' 
in the corresponding "euglobulin” frac 
normal serum and may be different in c>^ 
tion from the "euglobulin ” fraction in inf , 

Serum protein partitions in chronic infecti 
senting hyperproteinemia, and in cirri 

The diseases in which marked hyp 
linemia commonly occurs, and which a. 
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TABLE III 

Partition of scrum proteins by the Howe method: multiple myeloma 
(Results expressed in grams per 100 cc. serum) 








Pseudo 

Bcncc- 
Jones 
protein 
in urine 


Sex. 

age 

Date 

Total 

pro- 

Albu- 

min 

Total 

glob- 

Eu- 

glob- 

ulin 

globulins 

Basis for diagnosis 


tein* 

ulins 

Total 

I 

II 


A. Cases \rith hypcrpTolcintmia 
l. mTr.RGLonuiJs'nMiA with iiyfereuglobulinemia 


1. 

M50 

August 

12, 1941 

13.6 

3.6 

10,0 

7.2 

2.8 

2.0 

0.8 

+ -F*F 



August 

14.1941 | 

13.7 

3.4 

10 3 

7.1 

3.2 




2. 

I 

M46 

! 

November 30. 1940 | 

12.2 

1.8 

i 

I 

10.4 

9.4 

1.0 

0.7 

0.3 

i 

+ *r*f* + 

3. 

i 

M63 

April 

1 

18. 1939 

i 

10.6 

2.6 

8.0 

2.1 

5.9 

5.2 

0.7 

+ + 



April 

25. 1939 

12.0 

2.6 

9.4 

4.5 | 

4.9 

4.2 

0.7 




May 

4. 1939 

9.6 

23 

; 

3.9 j 

3.4 

2.7 

0.7 


4. 

M3 9 

February* 

1. 1935 

1 0.0 

3.2 

6.8 

4.1 

2.7 

1.9 

0.8 

0 



February* 

13. 1935 

11.0 

3.5 

7.5 

4.6 

2.9 

2.0 

0.9 




April 

23.1935 

W3 

4.2 

1 6.1 

3.6 

2.5 






February 

16. 1936 

9.2 

3.1 

| 6.1 

23 

3.8 



+ F + F 

5. 

F57 

August 

25.1936 

9.2 

2.6 

6.6 

4.7 

1.9 

! 1.2 

0.7 

! o 



September 11. 1936 

8.9 

2.5 

6.4 

4.4 

2.0 






September29, 1936 

9.6 

2.4 

7.2 

5.5 

1.7 




6. 

M56 

October 

18.1940 

9.5 

3.2 

6.3 

4.2 

2.1 

1.8 

0.3 

0 

7. 

MSS 

June 

11,1940 

8.1 

3.6 

4.5 

I 

0.6 

3.9 



0 



October 

3.1940 

10.6 

2.7 

7.9 

2.6 

5A 






October 

10,1940 

11.1 

2.5 

8.6 

3.2 

5.4 

5.1 

0-3 


8. 

Oi 

00 

October 

21,1939 

9.5 

3.5 

6.0 

2.9 

3.1 



0 



November 

4,1939 

9.0 

43 

4.7 

2.4 

2.3 




9. 

& 

1/1 

00 

May 

11.1936 

8.6 

3.8 

4.8 

1.8 

3.0 



+++ 


| Bone pains, marked macrocytic, normochromic 
anemia. X-rays: generalized decaldfication, collapsed 
1 vertebrae. Autopsy August 22, 1941. 

Tumor of skull, hemorrhages, marked hyperchromic 
anemia, bone pain. _ X-rays: osteolytic area calvarium, 
generalized decaldfication. Autopsy December 7, 
1940. 

Pain in back, chest; dyspnea, uremia. X-rays: 
osteolytic areas ribs, skull, spine. Autopsy May 6, 
1939. 

Chest pains, weakness, fever, marked hyperchromic 
anemia. X-rays: skeleton essentially negative. Au- 
topsy February 18, 1936. 


Weight Ios3, pain in chest, dyspnea, marked anemia. 
X-rays: skeleton negative. Autopsy October 19, 1936. 


Bone pains, anemia. X-rays: generalized decaldfica- 
tion, collapsed vertebrae, punched-out areas femora. 
Autopsy October 25, 1940. Case of Dr. J. Tullis. 

Pain in spine, ribs; weight loss, anemia. X-rays: 
multiple osteolytic areas ribs, spine. Hypercalcemia. 
No primary visceral tumor found. Case of Dr. I. 
Woodruff. 

Moderate weakness, bone pain. X-rays: extensive 
punched-out areas in bones. No primary visceral 
tumor found. Case of Dr. L. Cotter. 

No clinical data. X-rays: multiple punched-out areas 
in bones. Biopsy May, 1936. Case of Dr. V. Brown. 


2. HYPERGLOBULINEMIA WITHOUT HYPEREUGLOB ULINEMI A 


10. 

M64 

November 5, 1938 

9.4 

2.9 

6.5 

<0.1 

6.5 



0 



December 

6. 1938 

9.4 

2.7 

6.7 

<0.1 

6.7 






January 

5.1939 

9.0 

2.4 

6.6 

<0.1 

6.6 

43 

23 




January 

9, 1939 

8.9 

2.4 

6.5 

<0.1 

6.5 

3.8 

2.7 




May 

15, 1939 

9.9 

2.5 

7.4 

<0.1 

7.4 

63 

1.1 




rsovember 10. 1939 

9.8 

2.5 

73 

03 

7.0 

5.9 

1.1 




June 

19, 1940 

9.9 

2.2 

7.7 

<0.1 

7.7 

6.8 

0.9 




July 

9.1940 

10.2 

2.7 

7.5 

<0.1 

7.5 

6.8 

0.7 


11. 

M63 

June 

27, 1940 

8.2 

6.2* 

2.0* 

<0.1 

2.0 



+ + + ->- 



July 

1.1940 

8-1 

6.0 

2.1 

0.1 

2.0 






July 

23, 1940 

8.4 

6.7 

1.7 

<0.1 

1.7 






October 

15, 1940 

7.6 

5.5 

2.1 

<0.1 

2.1 

1.2 

0.9 


12, 

M70 

July 

31. 1936 

10,9 

2.5 i 

8.4 

0A 

8.1 

7.5 

0.6 

+ + + 



August 

4,1936 

11.1 

2-3 

8.8 

0.4 

8.4 




13. 

F56 

April 

13. 1939 

9.1 

4.0 1 

5.1 

0.8 

43 

3.6 

0.7 

0 



April 

20. 1939 

S3 

3.7 

4.6 

0.4 

4.2 

3.6 

0.6 

1 

14. 

F43 

May 

26, 1936 

8.0 

i 

3.5 

4.5 

0.5 

4.0 



1 0 



May 

28, 1936 

8.0 

3.4 

4.6 

0.7 

3.9 






July 

8, 1936 

6.4 

3.2 

3.2 

0.6 

2.6 




15. 

M68 

October 

24,1938 

9.4 

3.8 

j 

5.6 

‘<0.1 

5.6 





Weakness, gastrointestinal bleeding, marked hyper- • 
chromic anemia. X-rays: slight generalized decald- 
fication. Autopsy July 10, 1940. 


Weakness, chest pain, dyspnea, tumor of chest wall, 
uremia. X-rays: extensive osteolytic areas skeleton. 
Autopsy October 27, 1940. 


Bone pains chest, back; weight loss; tumors of skull. 
X-rays: many punched-out areas ribs, spine, pelvis. 
Hypercalcemia. Plasma cells in blood smear. 

Bone pains back, chest; weight loss, anemia. X-rays: 
osteolytic areas rib3 with large soft tissue mas3 
attached. Case of Dr. I. Woodruff. 

Autopsy July 23, 1936. For details see Holman (40). 


Bone pains. X-rays: numerous punched-out areas in 
many skeletal parts; pathological fractures. Case of 
Dr. J. Olpp. 


16 . 


M481 


February 28. 
May 15, 


1930 

1930 


17. 


F64 


December 


5, 1935 


3. hyperproteinemja, globulin subfractions not determined 


12.1 2.9 9.2 

12.2 2.8 9.4 

11.5 1.9 9.6 


0 Weight loss, weakness, dyspnea, marked normochromic 

anemia. X-rays: skeleton negative. Autopsy April 
8, 193 l«t 

0 Bone pains back, legs; moderate anemia. X-rays: 
large destructive lesion left ilium, generalized decald- 
fication. Biopsy Nov-ember 26. 1935. 


18. 


M59 


October 

October 


25, 

29. 


1933 

1933 


10.1 

9.9 


2.9 


7.0 


For clinical and x-ray evidence, see Gutman. Tyson. 
Gutman (41), Table III, Case 4. 
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table hi — Continued 


Num- 

ber 

Sex, 

age 

Date 

Total 

pro- 

teins 

Albu- 

min 

| Total 

I glob- 

Eu- 

glob- 

Pseudo- 

globulins 

Bence- 
Jones 
protein 
in urine 

Basis for diagnosis 


| ulins 

ulin 

Total 

I 

II 



3. HYPERPROTEINEMIA, 

GLOBULIN SUBFRACTIONS NOT DETERMINED — Continued 

19. 

M64 

February 6, 1934 

9.0 ; 







4 

Autopsy February 26, 1934. For details see Gutman, 
Tyson, Gutman (41), Table III, Case 1. 

20. 

F56 

April 20, 1933 

8.3 








For clinical and x-ray evidence see Gutman, Tyson, 
Gutman (41), Table III, Case 5. 


B. Cases with total strum proteins <8.0 grams per cent 
4. NORMAL TOTAL SERUM PROTEIN LEVELS WITH HYPERGLOBULINEMIA 


21. 

F62 

April 

11, 1939 

7.1 

3.3 

3.8 

0.2 

3.6 



0 



April 

17, 1939 

7.4 

3.6 

3.8 

<0.1 

3.8 

3.1 

0.7 




April 

25, 1939 

7.9 

3.8 

4.1 

0.1 

. 4.0 

3.4 

0.6 


22. 

M65 

March 

10, 1941 

7.8 

2.6 

5.2 

0.2 

5.0 



0 



March 

13, 1941 

7.5 

2.5 

5.0 

0.2 

4.8 

4.0 

0.8 


23. 

MS0 

December 17, 1937 

7.0 

3.0 

4.0 

0.1 

3.9 



0 



December 21, 1937 

7.1 

2.8 

4.3 

0.2 

4.1 

3.2 

0.9 | 




December 23, 1937 

7.3 

2.8 

4.5 

0.1 

4.4 






January 

1, 1938 

6.9 

2.5 

4.4 

0.2 

4.2 




24. 

F60 

November 12, 1936 

7.4 

2.8 

4.6 

0.9 

3.7 



0 



November 23, 1936 

7.4 : 

2.9 

4.5 

1.2 i 

3.3 






December 

9, 1936 

7.0 ; 

2.9 

4.1 

0.7 

3.4 






January 

27, 1937 

7.8 

3.3 

4.5 

0.8 

3.7 





Pain chest, weight loss, tumors of skulk hyperchromic 
anemia. X-rays: many punched-out areas in bones, 
fractures. Biopsy April IS, 1939. 

Weight loss, weakness. X-rays: osteolytic areas 
femora, spine, ribs. Biopsy April 3, 1941. Case of 
Dr. X. Woodruff. 

Pain chest, back; paraplegia. X-rays: osteolytic areas 
spine, ribs; collapsed vertebra. Autopsy January 7, 
1938. 


Bone pains, weight loss, weakness, fractures, tumors of 
scalp. X-rays: many punched-out areas in bones. 
Autopsy March 7, 1937. 


5. APPARENTLY NORMAL DISTRIBUTION OF SERUM PROTEIN FRACTIONS 


25. 

F58 

April 

28, 1939 

6.6 

4.5 

2.1 

0.1 

2.0 

1.2 

0.8 

44 



June 

2, 1939 

6.7 

4.8 

1.9 

<0.1 

1.9 

1.2 

0.7 


26. 

M57 

January 

5, 1938 

5.7 

3.9 

1.8 

0.4 

1.4 

0.6 

0.8 

+++4* 



January 

25, 1938 

5.6 

4.0 

1.6 

<0.1 

1.6 




27. 

M59 

November 19, 1940 

6.4 

4.8 

1.6 

<0.1 

1.6 



444 

28. 

M41 

May 

16, 1941 

7.1 

5.3 

1.8 





0 



July 

7, 1941 

6.9 

4.8 

2.1 

0.3 

1.8 

1.0 

0.8 


29. 

M61 

November 

8, 1935 

5.5 

4.1 

1.4 
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November 20, 1935 

5.8 

3.3 

2.5 








December 

5, 1935 

5.8 

3.8 

2.0 








February 

17, 1936 

5.5 

3.6 

1.9 

0.2 

1.7 




30. 

M68 

November 15, 1939 

6.1 

4.0 

2.1 

0.3 

1.8 



0 

31. 

MSS 

March 

13, 1939 

7.2 

4.9 

2.3 

0.1 

2.2 




32. 

F49 

April 

29, 1938 

6.8 

4.8 j 

2.0 

0.4 

1.6 



444 



May 

3,1938 

7.7 

5.6 

2.1 

0.2 ; 

1.9 | 




33. 

M40 

April 

22, 1936 

7.7 

5.4 

2.3 

0.4 

1.9 



444 

34. 

F55 

July 

27, 1938 

7.0 

4.9 

2.1 

0.3 i 

1.8 




35. 

M52 

July 

13, 1939 

7.0 

5.0 

2.0 





0 






6. NORM 

AL TOT 

AL SER 

UM PRC 

^teh 

1 LEI 

/ELS, NOT 

36. 

M47 

February 

21,1934 

6.3 







0 



March 

1, 1934 

6.9 








37. 

M60 

October 

24,1932 

6.1 







4 








7. MARKED HYPOPROTEINEMIA 

3S. 


> May 

8,1934 

4.0 
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J F5* 

May 

17,1934 

3.5 









Pains in chest. X-rays: multiple punched-out areas in 
bones. Biopsy May 26, 1939. 

Weight loss, weakness, fainting spells. X-rays: ex- 
tensive osteolytic areas of bones. Biopsy January 21, 
1938. 

Bone pains, weight loss, weakness, marked anemia. 
X-rays: many osteolytic areas in bones. Biopsy 
October, 1940. Case of Dr. O. Province. 

Spontaneous fracture left femur. X-rays: solitary (?) 
plasmacytoma. Biopsy June 20, 1941. 


Autopsy February 27, 1936. 
(42). 


For details see Fowler 


Compression fracture vertebra with paraplegia. 
X-rays: multiple punched-out areas in bones. Biopsy 
November 16, 1939. 

Bone pains back, fracture. X-rays: osteolytic areas 
spine, femur, with collapsed vertebra, fractured femur. 
Biopsy 1940. 

Purpura, marked hyperchromic anemia. X-rays: ex- 
tensive punched-out areas in bones. No primary 
visceral tumor found. ' 

Weakness, marked anemia, hemorrhages. X-rays: 
many osteolytic areas in bones. 

Large tumor skull, pain. X-rays: extensive osteolytic 
areas in bones with collapsed vertebra. No primary 
visceral tumor found. 

Bone pains back, chest; weight loss, dyspnea. X-rays: 
extensive punched-out areas bones. Autopsy July 17, 
1939. 


For data see Gutman, Tyson, Gutman (41). 
Ill, Case 6. 

For data see Gutman, Tyson, Gutman (41). 
Ill, Case 3. 


Tyson, Gutman (41). Table III, Case 2. 


Table 

Table 


* For reasons stated in the text, this case is included in the group with hyperglobulinemia. 
f This case was presented elsewhere [(30) ; see Table IV, Case J. P.] as lymphosarcoma, a diagnosis made at autopsy 
performed at another hospital. The sections were reviewed by Dr. A. M. Pappenheimer and others who identified the 
tumor cells as myeloma (plasma) cells. 
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AH of the *i, uhuit tlmr-fouith*' i In* #> nuri 
ore-fourth of tin* « nmipomni^ were tnunvrd 
by predpii-itinji in 21.5 jmt crnt Milfatv. 

As indicated, tin* IIowv albumin filtrate aEo 
contains apprerublr amount?* of a ami $1 com- 
ponents, presumably I !t-\\ il t V glnhoylyoml (57). 
The results in normal human scrum correspond 
with thos<* in normal horn* scrum fractionated 
with ammonium sulfate (1, 55, 57). 

Scrum protein partitions it: multiple myeloma 

Table 111 summarizes our data with tin* 1 lower 
method in 3S cases of multiple myeloma. 1 he 
diagnosis was established bv autopsy or bone 
marrow* biopsy in 26 patients; in 12 instances 
opportunity for histological examination was 
lacking and the diagnosis rests upon clinical, 
roentgenological and chemical evidence, as inch- 


hyp'TpMitrinemi.i (Table 111 H) 4 ’I lu- v.ilur f ,f 
12.0 in 13.7 grams p'-remt rtnnittiN ad j ?J r \ t , g .. 
1, 2, a and 16 ate tin* lugln ’t jo our 
They are considerably lower, iiowevrr, ?| Mfl l MV r 
been reported in thk divaw <-}9 p 50, am J ?( } 

I he incidence of hyperprotcinemia in our 
55 per cent, is !t:^ than that of nio.t r aim.tt, s 
from published sources: 43 prr cent #50) ; 57 , H . r 
cent (33); 69 per rent U5); 175 of 2H2 c.iw, nr 
62 per cent, according to our latest tallv. f} m 
owing to recent emphasis upon hyprrproteinemi i 
and related phenomena, the literature perhaps 
includes a disproportionate number of cases with 
elevated serum protein values. 

Cases 26, 29 and 38 had total strum protein 
levels less than 6 grams per cent. The marked 
hypoproteinemia (3.5 grams per cent) observed 
in Case 38 corresponds with observations l„. 
Chester (51) and others. - 


2 . Scrum albumins^ The serum albumin frac- 


cated in Table III. Except where specific ac- _ __ ^ ^ 

knowledgmcnts are made, the cases arc from the t ; on in multiple myeloma, as* in other”'-' ' • 

records of tlie Presbvterian Hospital for the diseases, is usuallv decreased Tho . ' as ^ ,n K 
— " * J ,IU incidence of 


marked hypoalbuminemia seems to be unusually 


years 1930 to 1941. 4 ^ 

It is obvious upon inspection of the data in high: 12 of our cases presented levels 
Table III that multiple myeloma represents a 3.0 grams per cent, 9 of which on at * lan 
special case in the distribution of scrum protein occas ion were 2.5 grams per cent or less^^T^ 
fractions in hyperprotcinemia, with anomalies proportion of marked hypoalbuminemia 5 
that are without precedent in our experience that in most infections or neoplasia ^ CX . Cec< ^ s 
with any other disease. In one instance (Case p r0 aches the incidence in Laennec’s ^ a P’ 
U) hyperprotcinemia appeared to be due to j\t 0 distinct correlation could be made^^ ° SI " S * 
hyperaibuminemia; in another (Case 10) partly tween the degree of proteinuria and th ° Ut 
to a distinct increase in “pseudoglobulin II.” albumin content. e ser 0 m 

In several instances, marked hyperglobulinemia The apparent hyperaibuminemia of p at - 

appeared to result solely from increased “pseudo- who was not dehydrated, was investigat 1 

globulin I” without any accompanying rise in ther w ;th the following results: (a) High ^ 
“euglobulin.” These peculiarities correspond m * n » values were not obtained if the 4r a ^ u ~ 
w*ith the experience of others who have found p er cen t sodium sulfate mixture rem P ** 1 ~^*2 
that hyperproteinemia in multiple myeloma may h ours a t 37° before filtration. A sample'"^ 48 
be due chiefly to increases in any of the following ec ]i y yielding 6.0 grams per cent filtrate rCpeat ' 
fractions: euglobulin (5, 6 , 43, and others), pseu- after 3 hours’ precipitation gave only 4 4 Pr ° tein 
doglobulin I ( 11 , 31, 32, and others), pseudo- per cent filtrate protein if filtration ‘ 
globulin II (10, 32, and others), albumin (44, 45, out a f ter 48 hours’ precipitation. 


£ r ams 

A Tu Carrie d 
^ Su bser 


and others), fibrinogen (43), Bence-Jones pro- containing 6.7 grams per cent- c? Uent 

ton (46, and < 
teins (47, 48). 


tein (46, and others), unclassified abnormal pro- protein, if 3 or 24 hours were allowed fo r ^*" rate 


A. Howe fractionation 

7. Total serum protein levels . Twenty patients 
presented protein levels of 8 grams per cent or 
more (Table III A), 18 did not have associated 


tation, gave only 4.5 grams per ce nt T Pr< : ci Pi- 
filtrates obtained after 48 hours. p ro *yn in 
tion in 21.5 per cent sodium sulfate b U ff CCip!ta ' 
pH 6.8 yielded 3.7 grams per cent fil trat tere d to 
as compared with 6.0 grams per cen^ ? r ° tein - 
with unbuffered solutions. ( c ) « ° b tai ne d 

^"iple of 
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serum yielding 5.5 grams per cent protein in 
21.5 per cent sodium sulfate filtrates gave only 
4.7 grams per cent filtrate protein after precipi- 
tation with 23.0 per cent sodium sulfate. (In 
our experience, these variations in the salting- 
out technique ordinarily cause only insignificant 
changes in the results of serum albumin determi- 
nations.) Electrophoretic fractionation showed 
4.1 grams per cent albumin in the serum sample 
which by Howe’s method contained 6.0 grams 
per cent filtrate protein after 3 hours’ precipita- 
tion and 4.4 grams per cent after 48 hours. The 
precipitin technique, applied to a sample of this 
serum by Dr. F. E. Kendall, also indicated an 
albumin content of 4.1 grams per cent. Evi- 
dently, the serum in Case 11 contained about 
2 grams per cent of a protein component which 
was not serum albumin but nevertheless re- 
mained in solution in 21.5 per cent sodium sul- 
fate unless precipitation were allowed to continue 
much longer than prescribed by Howe. 4 

If such a protein component were present in 
lesser concentration, or superimposed upon a 
lower albumin content, the total “albumin” 
level might fall within normal limits and so 
escape attention. Several of the 11 cases in our 
series, with apparently normal distribution of 
Howe fractions (Table III B), presented “albu- 
min” levels within normal limits but unexpect- 
edly robust for patients who were distinctly 
wasted but not markedly dehydrated. Those 
with highest “albumin” levels (Case 32: 5.6 
grams per cent; Case 33: 5.4 grams per cent; 
Case 35: 5.0 grams per cent) unfortunately were 
not studied further. But in Case 27, it could 
be shown electrophoretically that, of 4.8 grams 
per cent albumin indicated by Howe’s method, 
only 3.2 grams per cent migrated with the mo- 
bility of serum albumin; and that an abnormal 
protein component was present, forming an extra 
boundary between the /3 and y peaks. In Cases 
25 and 28 similar, though less marked, differences 
were observed between salting-out and electro- 
phoretic values for albumin. The conclusion 
seems warranted that, unless special precautions 
are taken, the Howe method (which gives high 

4 In Case 1, serum preserved with aseptic precautions 
in the refrigerator for about one week spontaneously 
changed to give lower albumin values by the usual Howe 
technique. 


values for albumin in normal serum) occa- 
sionally gives much too high values for serum 
albumins in multiple myeloma; the error being 
due to an abnormal protein component, not albu- 
min, in the 21.5 per cent sodium sulfate filtrate 
of some myelomatous sera. The error may be 
obvious because the “albumin” values become 
improbably high; more often perhaps the “albu- 
min” levels do not exceed the normal maximum 
and escape correction. 

3. Serum globulins. Total globulin levels over 
3.0 grams per cent were found in 24 cases, inclu- 
sive of Cases 11, 19 and 20; in the 2 latter 
instances, the proteins were not fractionated but 
the increased total content implies an increase in 
globulins. The levels of 9.0 to 10.4 grams per 
cent globulin in Cases 1, 2, 3, 16 and 17, though 
considerably lower than have been recorded in 
multiple myeloma, are the highest we have ever 
encountered in any disease. The incidence of 
hyperglobulinemia in our series (63 per cent) is 
greater than that of hyperproteinemia (53 per 
cent) because hyperglobulinemia in 4 cases was 
associated with lowering of the serum albumins 
sufficient to result in normal total protein levels. 

In many cases of hyperglobulinemia due to 
multiple myeloma, the globulin increment was 
found to be composed of both “euglobulin 
and “pseudoglobulin I,” thus conforming with 
the characteristic pattern already described in 
chronic infections and in cirrhosis. This distri- 
bution of globulin subfractions was observed in 
our Cases 1 to 9 and 24. However, even in such 
apparently conventional myelomatous sera, the 
ratio “euglobulin ’’/total globulins is apt to be 
well outside the range of variation in this ratio 
observed in hyperglobulinemia due to other 
causes (Figure 3). The ratio may be excessively 
high because virtually all of the globulin incre- 
ment is precipitable in 13.5 per cent sodium 
sulfate (Case 2) ; or unusually low (Cases 3 and 
7). Similar sera containing increased “euglobu- 
lin ” and “pseudoglobulin I,” but in atypical pro- 
portions, have been reported by others. 

A peculiarity of some sera in multiple myeloma 
is that definite hyperglobulinemia may be asso- 
ciated with no increase whatever in components 
precipitable in 13.5 per cent sodium sulfate 
(“euglobulin”), as first reported by Gros (10)- 
His case showed marked elevation in both “ pseu- 
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doglobulin II" and "pseudoglobulin I” fractions 
(chiefly the former) without any rise in "euglobu- 
lin." This is a rare variant, even in multiple 
myeloma, and our series includes but one such 
case of hyperglobulinemia due chiefly to increase 
in “pseudoglobulin II" (Case 10, observations 
in early 1939). It is more common to find that 
the globulin increment (in hyperglobulinemia 
without hypcreuglobulinemia) is composed al- 
most in its entirety of components precipi table 
in 17.4 per cent sodium sulfate; an increased 
44 pseudoglobulin I” fraction being the sole cause 
of hyperglobulinemia. Case 12 appears to have 
been the first recorded example of this anomaly 
(11), of which a number of instances have been 
described (31, 32, and others). In fact, this type 
of fractional distribution is of such high inci- 
dence (9 times in our present series, Cases 10 
to 15, 21 to 23) and is so characteristic of mul- 
tiple myeloma that it has definite diagnostic 
value. 5 

4. Plasma fibrinogen . Determinations were 
made only in Cases 4 (0.4 gram per cent), 10 
(0.2 gram per cent), 12 (0.4 gram per cent), 
23 (0.5, later increased to 1.0 gram per cent) 
and 24 (0.3 gram per cent). So far as can be 
judged from these values and from the clotting 
of the blood in the remaining cases, hyperpro- 
teinemia due principally to hyperinosis did not 
occur in our series. 

B. Electrophoretic fractionation 

Longsworth, Shedlovsky and Maclnnes (4) 
made the first electrophoretic studies in multiple 
myeloma (Cases 27, 28, 29 of their Table I; 
Cases 3, 21, 25, respectively, of this series, Tables 
III and IV). A marked increase in the 0 globu- 
lin peak was observed in 2 cases, due to the 
presence of components migrating with the mo- 
bility of (3 globulins; in one of these, the peak for 
fibrinogen also exceeded the limits for normal 
plasma. The third case yielded a normal pat- 
tern- Ke kwick (13) reported results of electro- 

- In spite of the extraordinary variation in serum protein 
patterns in multiple myeloma, it should be noted that the 
fractional distribution in any one patient did not change 
ln type while under observation. In 10 of our cases, 
protein studies were made over periods from one month to 
more than iy£ years. In no instance was there any 
striking change in pattern; minor changes accompanied 

urther progression of the disease in 3 cases. 


phorctic and ultracentrifugal analyses of sera in 
5 cases of multiple myeloma. Four of these 
showed a great increase in the y globulin peak, 
associated with reduced percentage of albumin 
and essentially normal percentages of a and 0 
globulins. In the fifth case, y globulin was 
present in less than normal amount but there 
was a marked increase in a component migrating 
with a mobility corresponding with that of 0 2 
globulin. 

Figure 5 and Table IV present electrophoretic 
data in sera of 7 additional cases of multiple 
myeloma. In Cases 1, 2 (Figure 5 A) and 22 
(Figure SB) there was a very large increase in 
the y peaks. The two latter sera also contained 
an extra component (designated M), with a 
mobility between that of the 0 and y compo- 
nents, corresponding with what in plasma would 
be the mobility of fibrinogen; the significance of 
this extra boundary will be considered later. 
The concentrations of albumin, a , 0, and M were 
very low in the serum of Case 2. 

In Cases 10 and 11 (Figures 5C and D), there 
was a marked increase in components moving 
with the mobility of 0 globulins. In Case 11, 
the mobility corresponded with that of the 0 2 
fraction; the faster 0i component being indicated 
by a slight thickening on the forward side of the 
0 peak. Neither of these sera showed any in- 
crease in y globulins, nor was there any indication 
of an M boundary. 

The serum of Case 27 (Figure 5E) gave an 
electrophoretic pattern simulating that of normal 
plasma: an extra component, M, was present. 
The serum of Case 28 (Figure 5F) yielded a 
normal pattern. 

When the results of electrophoretic and Howe 
fractionations are compared (Table IV), the 
correspondence between the distribution of pro- 
tein fractions by these two methods is found to 
be imperfect. In Cases 1 and 2 (Figure 5A), 
the extremely high “euglobulin” content is re- 
flected in very large y components; in Cases 10 
(Figure 5C), 11 (Figure 5D), 21, 25, 27 (Figure 
5E), 28 (Figure 5F), normal or low normal 
“euglobulin ” contents corresponded with nor- 
mal or low normal y peaks.® However, an 

c Dr. F. E. Kendall examined the sera in Cases 10 and 
11 by the precipitin method and found correspondingly 
low “globulin I" figures: 0.3 and 0.5 gram per cent, re- 
spectively, the mean normal value being 0.S gram per cent. 
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A B C D £ 



Fig. 5. Electrophoretic Patterns (Descending Limb) in Multiple Myeloma 
A through F represents results in serum of Cases 2 (A), 22 (B), 10 (C), 11 (D), 27 (E), 28 (F). Patterns in urine of 
Cases 11 (G) and 12 (H) show peaks for Bence-Jones protein and albumin. I is normal serum to samples of which were 
added Bence-Jones proteins from the urine of Cases 11 (J), 12 (K) and 3 (L). The patterns in the upper row were made 
with the Svensson cylindrical lens method. 


extremely large y component in Case 22 (Figure 
5B) was associated with normal “euglobulin” 
values by Howe’s method, in which the globulin 
increment appeared solely in the “pseudoglobu- 
lin I” fraction. In Case 3 (Figure 5b of refer- 
ence 4), an increase in both “euglobulin” and 
“pscudoglobulin I” appeared as very large in- 
creases in the /3 and fibrinogen peaks. 

In Cases 3, 10 and 21, large increases in 
“pseudoglobulin I” were reflected in large in- 
creases in components moving with the mobility 
of /3 globulins; in Cases 1, 2, 25, 27 and 28, normal 
or low normal “pseudoglobulin I” values were 
associated with normal or low normal /3 peaks. 
The discrepancy in this relation in Case 22 has 
been pointed out. In Case 11, a large /3 peak 


was present, although no increase in the “pseudo- 
globulin I” fraction was apparent. 

Large discrepancies in the albumin content of 
Cases 11 and 27, as determined by these two 
methods, have already been discussed. The 
presence of an extra component, M, in the elec- 
trophoretic analyses was in no instance revealed 
by the Howe method (for example, in the serum 
of Case 27, which appeared to be quite nor- 
mal when examined by Howe’s method). The 
plasma of Case 25 and the serum of Case 28 gave 
normal results by both methods. 

C. Bence-Jones proteinemia 

Significant Bence-Jones proteinemia presum- 
ably occurs in some cases of multiple myeloma 
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TABLE IV 

Comparison of results of fractionation of proteins by electrophoresis and Howe methods 



Electrophoretic fractionation 


teriM Bui- Mobilitlc. (OX10*> 
fcr. I 
pH 


(Normal j Semm I P 7.4j 4.7 I 3.5 | 2.4 | 1 0.8 ( 62.5 | 7.5 1 13.2 | 


Concentrations 
(fcr cent total area) 


Howe fractionation ( grams t>cr cent) 


Pseudoglobulin 



1 Myeloma 

2 Myeloma 

3 Myeloma 

10 Myeloma 

21 Myeloma 

22 Myeloma 
H Myeloma 
25 Myeloma 
2< Myeloma 

28 Myeloma 
1 Myeloma 

3 Myeloma 

11 Myeloma 
25 Myeloma 

29 Myeloma 
32 Myeloma 

12 Myeloma 


Scrum P 7.4 5.4 3.8 2.8 

Serum P 7.4 5.2 3.6 2.9 

Serum B 7.8 5.3 4.3 2.7 

PJarmn B 7.8 5.9 4.5 2.4 

Serum B 7.8 6.0 4.7 3.3 

Plarma B 7.8 5.5 4.2 2.7 

Serum II 7.8 6,5 5.0 3.2 

Semm B 7.8 6.4 4.8 3.3 

Plasma B 7.8 S.9 4.2 3.0 

Serum B 7.8 6.5 5.1 3.9 

Semm P 7.4 5.0 3.5 2.3 


0.5 32.9 5.2 11.8 


0.5 26.2 5.0 

0.0 173 8.0 

0.1 23.5 4.4 
0.2 22.4 4.1 

0.2 47.0 3.2 

0.7 31.0 10.5 
0.6 50.8 4.6 

0.1 57.2 9.6 

0.7 50.2 12.3 
0.7 58.1 9.8 

5.0 
24.0 

5.0 
0 

0 

8.0 
8.0 


60.0 

2.7 653 0.2 

9.2 6.3 03 

4.5 03 

3.2 8.5 0.9 

3.6 45.1 0.5 

5.6 1.0 

4.5 13.1 1.5 


9.5 13.2 14.8 


1 semm 4- Bcnce- 
s protein from 

: of Case 11 

1 semm 4- Bencc- 
* protein from 

s of Case 12 

1 semm + Bencc- 
s protein from 

; of Case 3 

1 serum + Bence- 
s protein from 
i of Case 32 


P 7.4 4.8 3.5 2.2 


P 7.4 5.4 3.9 2.7 


0.8 49.2 6.8 29.9 13.9 


1.5 49.0 7.0 13.0 31.0 


P 7,4 5.1 3.5 2.6 1.5 1.0 54.0 7.0 13.0 11.0 15.0 


0.33 
5G 0.91 


5J 13.7 7.1 


5K 9.6 6.9 



1.9 <0,1 

1.6 < 0.1 


1.9 1.0 0.9 2.9 

3.9 3.3 0.6 0.6 

2.8 2.0 0.8 0.4 

1.0 0.7 03 0.2 

4.9 4.2 0.7 0.3 

7.5 6.8 0.7 0.4 

4.0 3.4 0.6 0.9 

4.8 4,0 0,8 0.5 

2.0 2.9 

1.9 1.2 0.7 2.5 

1.6 3.0 

1.8 1.0 0.8 2.3 


6,6 <0.1 6.6 0.9 5.7 


2,7 <0.1 2.7 1.5 1.2 


3.2 0.7 2.5 1.4 1.1 


? == phosphate buffer, B = barbiturate buffer. 

q, Figures for electrophoretic mobilities and concentrations in plasma of myeloma Cases 3, 21, 25 from Longsworth, 
onedlovsky and Maclnnes (4). The concentration of M in these runs with plasma includes fibrinogen. All our con- 
centrations are stated as per cent total refractive increment rather than in terms of albumin concentration because of 
the marked differences in albumin concentration in different cases of myeloma. 


but, as no satisfactory method for quantitation the fraction precipitable in 17.4 per cent sodium 
of Bence-Jones proteins in serum is available, sulfate, or partly to an increase in the fraction 
it is not known whether concentrations sufficient precipitable in 21.5 per cent sodium sulfate, 
to cause hyperproteinemia develop and, if so, Electrophoretically, abnormal components have 
bow frequently. Some of the older data indi- been described with mobilities between or over- 
eating large accumulations in the blood are sub- lapping the mobilities of the /? and y globulins, 
ject to the criticism (5, 6) that the methods These peculiarities become significant when con- 
employed do not discriminate adequately be- sidered in connection with the salting-out and 
tween Bence-Jones proteins and euglobulins. electrophoretic behavior of Bence-Jones protein 
These criticisms appear not to apply to more in urine. They can be reproduced, in part, by 
recent estimations based on extraction (46, and adding Bence-Jones protein from urine to normal 
others), protein solubility curves (52) and ultra- serum. 

centrifugation (53). The precipitation limits of Bence-Jones pro- 

We have already described anomalous serum teins in urine vary widely in different cases of 
Protein patterns encountered (in our experience) multiple myeloma. If ammonium sulfate is 
onl y in multiple myeloma. When the Howe used, precipitation may begin anywhere between 
Method is used, these include occasional falsely the concentration employed to throw down the 
# albumin values due to an abnormal protein more soluble euglobulins to that required to salt 
’ n the 21.5 per cent sodium sulfate filtrate; out albumins (54). However, in most cases pre- 
hyperglobulinemia due wholly to an increase in cipitation begins at 40 ± 2 per cent saturation 
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(the concentration used to salt out “pseudo- 
globulin I ” from serum (55)) and ends at 50 ± 5 
per cent saturation ((54) ; personal observations). 
If sodium sulfate is used in urine not made 
strongly acid, the bulk of the Bence-Jones pro- 
teins usually remains in solution in 1.5 M fil- 
trates; if such Bence-Jones proteins were present 
in serum and there showed the same solubility 
relations, they would appear largely in the albu- 
min filtrates and give falsely high albumin values. 
In some urine samples (Cases 1, 3, 11, 32, 33, for 
example), partial precipitation of Bence-Jones 
proteins occurs in 21.5 per cent sodium sulfate, 
and in the urine of Cases 1, 3, 11 and 33, slight 
precipitation was observed also in 17.4 per cent 
but not in 13.5 per cent sodium sulfate solution; 
such proteins, if present in serum, presumably 
would appear in the “pseudoglobulin II” frac- 
tion or in both the “pseudoglobulin II” and 
“pseudoglobulin I” fractions. Correlations be- 
tween the findings in serum and urine must 
necessarily be imperfect, however, if the concen- 
trations in serum are sufficiently reduced by 
leakage through the kidneys. 

Table IV gives the results of experiments in 
which urinary Bence-Jones proteins were added 
to normal serum of the composition indicated in 
that table. Of the Bence-Jones protein from the 
urine of Case 11 added to normal serum in an 
amount equivalent to 6.2 grams per cent, one- 
fourth appeared in the Howe albumin fraction, 
three-fourths precipitated out with the. globulins; 
the latter coming down entirely in the “pseudo- 
globulin II” fraction. Of the Bence-Jones pro- 
tein from the urine of Case 12 added to normal 
serum in an amount equivalent to 2.1 grams per 
cent, about three-fifths remained in the Howe 
albumin fraction, two-fifths precipitated out with 
the globulins; the latter being divided between 
the “pseudoglobulin I” and “II " fractions in 
the proportions 3 : 2. Of the Bence-Jones pro- 
tein from the urine of Case 32 added to normal 
serum in an amount equivalent to 1.5 grams 
per cent, about 90 per cent was precipitated out 
with the globulins; about one-half of the latter 
appearing in the “euglobulin” fraction, one- 
fourth in the “pseudoglobulin I” fraction and 
one-sixth in the “pseudoglobulin II” fraction. 
YVe have not been able as yet to reproduce in this 
way large increases solely in the “pseudoglobulin 


I ” fraction. Nor have we been able to duplicate 
by such means large increases wholly or very 
largely in the “euglobulin” fraction, as antici- 
pated from the studies of Magnus-Levy (6, 45) 
who showed that the “euglobulin” fraction in 
multiple myeloma usually contains little or no 
Bence-Jones protein. 

The electrophoretic data on Bence-Jones pro- 
teins' available to us included published values 
for three preparations (56) and unpublished 
values obtained (by E. A. K. while at Cornell 
Medical College) in a sample kindly furnished 
by Dr. V. DuVigneaud. Table IV includes addi- 
tional data in 7 cases of multiple myeloma. 
Figure 5 shows the patterns obtained in Cases 

II (G) and 12 (H), the latter pattern indicating 
inhomogeneity. 

It was found that, even under the uniform 
conditions of these determinations, the mobilities 
of the urinary Bence-Jones proteins of different 
patients differed widely — variations not wholly 
ascribable to differences in concentration, as 
indicated by dilution experiments. Using so- 
dium phosphate buffer, pH 7.4, n = 0.1, the 
mobilities varied from 3.1 in Case 32 to 1.8 in 
Case 12 (Table IV). 

Upon the addition of urine containing Bence- 
Jones protein to normal serum, the patterns 
obtained showed larger peaks at mobilities corre- 
sponding with the mobilities of the Bence-Jones 
proteins in the original urine samples. For ex- 
ample, addition of urine from Case 11 (containing 
Bence-Jones protein with mobility 2.8) resulted 
in an increase in the /? component of normal 
serum (Figure 5J), also a corresponding further 
increase in the /? component when the urine was 
added to a sample of the patient’s serum. Addi- 
tion of urine from Case 12 (containing Bence- 
Jones protein with mobility 1.8) resulted in an 
increase in the y peak of normal serum (Figure 
5K). Addition of urine from Case 3 (containing 
Bence-Jones protein with an intermediate mo- 
bility of 2.0) resulted in the appearance of an 
intermediate M peak in normal serum (Figure 
5L). The y and M peaks in Figure 5L are not 
completely separated because of the small differ- 
ence in mobilities. 

It was thus possible, by adding urinary Bence- 
Jones proteins to normal serum, and superim- 
posing peaks due to Bence-Jones proteins upon 
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normal scrum patterns, to reproduce in all essen- 
tials the several electrophoretic patterns encoun- 
tered in the sera of our cases of multiple myeloma 
(cf. Figures 5D and J ; A and K; E and L). The 
results further suggest that the apparent dis- 
crepancies between the results of Howe and 
electrophoretic analyses in some myelomatous 
sera are ascribable, in large part, to the presence 
of Bence-Jones proteins in those sera. 

SUMMARY 

Howe and electrophoretic analyses of the 
serum proteins were made in normal adults, in 
cases with hyperproteinemia due to various 
chronic infections or to cirrhosis, and in cases of 
multiple myeloma. 

Results with the Howe method (carried out 
with minimal filtration error) are recorded in 36 
norma! subjects. The spread and the mean 
values, in grams per cent, were: For total pro- 
teins, 7.9 to 6.5 (7.2); for albumins, 5.7 to 4.7 
(5.2); for total globulins, 2.5 to 1.3 (2.0); for 
“euglobulin,” 0.4 to <0.1 (0.2); for “pseudo- 
globulin I/’ 1.9 to 0.8 (1.3); for “pseudoglobulin 
H,” 0.8 to 0.2 (0.5). Electrophoretic patterns 
of normal human serum fractionally precipitated 
with sodium sulfate are presented. 

Serum protein partitions by the Howe method 
nre recorded in 10 cases of lymphogranuloma 
venereum, 10 cases of cirrhosis, 5 cases of sarcoid 
an d 15 miscellaneous infections, all illustrating 
the distribution of Howe fractions in hyper- 
globulinemia. In these and in additional cases 
of similar etiology, hyperglobulinemia was found 
to be the result of a marked absolute and relative 
increase in the “euglobulin’' fraction, associated 
with a less sustained absolute rise in “pseudo- 
globulin I ”; the latter fraction showing a relative 
decrease in the higher globulin ranges. Marked 
hyperglobulinemia due solely to one or the other 
°f these two fractions, or to “pseudoglobulin II, : ” 
was not observed in this group. These relations, 
brought out particularly by graphic analysis, are 
compared with electrophoretic results in serum 
°f high globulin content before and after frac- 
tional precipitation with sodium sulfate. 

. Serum protein studies by the Howe method 
ln 38 cases of multiple myeloma are recorded. 

. n SOrne cases, hyperglobulinemia resulted from 
increase in both “euglobulin” and “pseudo- 


globulin I ” fractions, as in other diseases, though 
often in atypical proportions. In other cases 
anomalous results were obtained: the increase 
involved only the “pseudoglobulin I” fraction 
without any accompanying rise in “euglobulin,” 
or the “pseudoglobulin II” or albumin fractions 
appeared to exceed maximal normal limits. 
Electrophoretic analyses in 10 cases gave similarly 
varied results: an increase in components moving 
with the mobility of 7 globulins, of ft globulins, 
or of globulins with intermediate mobilities form- 
ing a distinct M boundary. These anomalous 
Howe and electrophoretic patterns were found to 
be of value in diagnosis. 

The significance of these peculiarities is con- 
sidered in relation to the analogous salting-out 
and electrophoretic properties of urinary Bence- 
Jones proteins. It is shown that the broad zones 
of precipitation and the different mobilities of 
Bence-Jones proteins obtained from the urine 
of different cases of multiple myeloma corre- 
spond with the several anomalies observed in 
the Howe and electrophoretic fractionation of 
myelomatous sera. By adding urinary Bence- 
Jones proteins from different patients to normal 
serum, the essential characteristics of some anom- 
alous Howe patterns and of all electrophoretic 
patterns observed in myelomatous sera could be 
reproduced. 

Apparently, most myelomatous sera fall into 
one of three classifications: ( 1 ) Sera with hyper- 
globulinemia due to an increase chiefly in the 
Howe “euglobulin” fraction, partly in the 
“pseudoglobulin I” fraction; electrophoretically, 
to an increase in 7 components. The globulin 
increment in these cases usually includes little or 
no Bence-Jones protein but is comparable to that 
observed in chronic infections. (2) Sera with or 
without hyperglobulinemia giving a variety of 
anomalous patterns by the Howe or electro- 
phoretic methods, for the most part due to sig- 
nificant Bence-Jones proteinemia. It is not 
known whether in some such sera Bence-Jones 
proteins may occur in combination with other 
serum proteins. (3) Sera of apparently normal 
composition with respect to serum proteins. 

We are indebted to the many physicians who permitted 
study of their cases of multiple myeloma; further to Dr. 

F. E. Kendall, Dr. L. G. Longsworth, Dr. T. Shed Io vs by 
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and Dr. D. A. Maclnnes for suggestions; and to Miss 
Sheila Goldsmith for technical assistance in the electro- 
phoretic analyses. 
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ERRATUM 


In the article entitled “Formulae for Afferent 
and Efferent Arteriolar Resistance in the Human 
Kidney: An Application to the Effects of Spinal 
Anesthesia” by Harold Lamport, which appeared 
in the September 1941 issue of this Journal on 
page 536, the following correction should be 
noted 


PART i 


I 


1 


1 - H c 


1 - He 


H = 


Formulae 

should read H = 



MECHANISM OF DIURESIS: ALTERATIONS IN THE SPECIFIC 
GRAVITY OF THE BLOOD PLASMA WITH ONSET 
OF DIURESIS IN HEART FAILURE 


By HAROLD J. STEWART 

(from the Department of Medicine of the New York Hospital and Cornell University Medical 
College and the Hospital of the Rockefeller Institute for Medical Research, New York ) 

(Received for publication July 3, 1940) 


There are divergent views concerning the 
mechanism by which diuresis is initiated. Many 
of the observations on this subject relate to mer- 
curial drugs. Crawford and McIntosh (1) con- 
cluded that novasurol induced primary dilution, 
followed by concentration of the blood in edema- 
tous patients. Bryan, Evans, Fulton, and Stead 

(2) thought that salyrgan resulted in concentra- 
tion of the blood, since sustained rise in its spe- 
cific gravity occurred coincident with diuresis in 
dogs made edematous by plasmapheresis. Schmitz 

(3) did not find evidence that salyrgan mobilized 
fluid into the blood stream before the onset of 
diuresis. Blumgart, Gilligan, Levy, Brown, and 
Volk (4) concluded from observations on normal 
subjects that diuresis following xanthine and mer- 
curial drugs was not initiated by the kidneys in 
response to measurable changes in specific gravity 
or sodium or chloride contents of the blood. 
Brown and Rowntree (5) found an increase in 
blood volume with the onset of diuresis in cardiac 
patients. On the other hand, using more accurate 
methods, Evans and Gibson (6) observed in dogs 
a diminution of plasma volume during diuresis 
induced by salyrgan. 

For purposes of analysis the circulatory-renal 
system consists of the kidneys on the one hand and 
the tissues which retain fluid on the other, the cir- 
culating blood connecting them. Tissue fluid to 
be excreted as urine must be carried by the blood 
to the kidneys. The stimulus to inaugurate diu- 
resis may be applied at different points in this 
system. If the mechanism is initiated in the kid- 
neys and increased secretion of urine is the first 
step, concentration of the blood should occur <pn 
the withdrawal of fluid from it. How far this 
imbalance in the blood constituents can proceed 
and how long it can be present before restoration 
occurs by the entrance of fluid from the edema- 
tous tissues might vary with different diuretics. 


Moreover, its duration may be brief before res- 
toration is attempted, or it may be long enough 
and of such magnitude that it can be detected. 

On the other hand, if diuresis is initiated at 
the tissue side of the system so that fluid enters 
the blood stream first, dilution of the blood would 
occur. Equilibrium would be disturbed until the 
kidneys began to excrete the surplus fluid. If di- 
lution of the blood was of sufficient duration and 
magnitude, it might be detected. 

It appeared that frequent observations of the 
specific gravity of the blood would reflect changes 
in dilution and concentration of the blood and give 
data which would contribute to one or the other 
of these points of view. Moore and Van Slyke 
(7) demonstrated a linear relationship between 
the observed specific gravity of the plasma of the 
blood and the observed protein content of the 
plasma of normal individuals and nephritic pa- 
tients. They found also that when the specific 
gravity of the plasma was below 1.0223 in certain 
types of nephritis, edema was present, and that 
when the specific gravity was above this level, the 
so-called edema zone, edema did not occur. 

In cardiac patients, Moore and Stewart (8) 
also found that the specific gravity of the plasma 
had a linear relationship to the protein content of 
the plasma and demonstrated that the plasma pro- 
teins and specific gravity of cardiac patients were 
above the edema level of nephritic patients. 
Moore and Stewart s (8) observations relating to 
the behavior of the specific gravity of the plasma 
of normal individuals provided the background 
for turning Moore and Van Slyke’s method to this 
purpose. They found that the specific gravity of 
the blood plasma of normal individuals and of 
cardiac patients in water equilibrium remained 
constant to within 0.0004 from day to day. Di- 
lution of blood by the injection of normal salt solu- 
tion and following hemorrhage in dogs gave paral- 
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Fig. 1 . Relationship Between Onset of Digitalis, Theocalcin, and Spontaneous Diuresis to Specific 

Gravity of the Blood Plasma 


In this figure is shown the relation of onset of diuresis to the level of specific gravity of the blood plasma. 
In B. McL., 58 years (Figure l A ), in whom heart failure was a consequence of hypertension, diuresis re- 
sulted from giving digitan 1.2 grams in 24 hours. In L. C., 64 years (Figure IB), in whom heart failure 
resulted from hypertension, the administration of theocalcin 4.5 grams on April 14, and daily thereafter, re- 
sulted in marked diuresis. In J. McM., 44 years (Figure 1C), in whom heart failure resulted from arteriosclerotic 
heart disease, diuresis occurred spontaneously. 
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Fig. 1 ( continued ) 


lei decreases in specific gravity of the plasma and 
plasma proteins. The oral administration of 1000 
cc. of water did not alter specific gravity of the 
plasma; during the urine concentration test, how- 
ever, the specific gravity and the plasma proteins 
increased, indicating concentration of the blood. 
In short, when concentration of the blood occurs, 
the specific gravity rises and when dilution occurs, 
it decreases. 

It appeared from these observations that during 
a time in which nothing was done to deplete the 
plasma proteins, the specific gravity of the plasma 
could be used to indicate dilution or concentration 
°f the blood. 


gestive heart failure was estimated by the method of 
Moore and Van Slyke (7). Duplicate samples were 
checked to within 0.00002. The daily fluid and salt in- 
takes of the patients were 1200 cc. and 5 grams, respec- 
tively. Patients remained in bed. There was a control 
period before giving diuretics. Since samples of blood 
were taken frequently before and after the administration 
of diuretics, it was not expedient to keep the subjects in 
the basal or postabsorptive state. The patients ate break- 
fast at 7 :30 a.m., after which they received no fluid 1 
until samples of blood were taken without stasis at 10:30 
a.m. The diuretic was then given. A rubber stopper was 
used to eliminate evaporation. Clotting was prevented by 
use of heparin. 


METHODS and PLAN of OBSERVATIONS I It is recalled, however, that Moore and Stewart (8) 

The specific gravity of the plasma of the blood of found that drinking 1000 cc. water did not alter the 
cardiac patients exhibiting signs and symptoms of con- specific gravity of the blood. 
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Fig. 1. Relationship Between Onset of Digitalis, Theocalcin, and Spontaneous Diuresis to Specific 

Gravity of the Blood Plasma 

In this figure is shown the relation of onset of diuresis to the level of specific gravity of the blood plasma. 
In B. McL., 58 years (Figure 1A), in whom heart failure was a consequence of hypertension, diuresis re- 
sulted from giving digitan 1.2 grams in 24 hours. In L. C., 64 years (Figure IP), in whom heart failure 

resulted from hypertension, the administration of theocalcin 4.5 grams on April 14, and daily thereafter, re- 
sulted in marked diuresis. In J. McM., 44 years (Figure 1C), in whom heart failure resulted from arteriosclerotic 

heart disease, diuresis occurred spontaneously. 
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Fig. 1 ( continued ) 


lei decreases in specific gravity of the plasma and 
plasma proteins. The oral administration of 1000 
cc. of water did not alter specific gravity of the 
plasma; during the urine concentration test, how- 
ever, the specific gravity and the plasma proteins 
increased, indicating concentration of the blood. 
In short, when concentration of the blood occurs, 
the specific gravity rises and when dilution occurs, 
it decreases. 

It appeared from these observations that during 
a time in which nothing was done to deplete the 
plasma proteins, the specific gravity of the plasma 
could be used to indicate dilution or concentration 
of the blood. 


gestive heart failure was estimated by the meth 
Moore and Van Slyke (7). Duplicate sampleA ° f 
checked to within 0.00002. The daily fluid and sal * C 
takes of the patients were 1200 cc. and 5 grams ^ 1 ^ 
tively. Patients remained in bed. There was a rCSpec ‘ 
period before giving diuretics. Since samples otto*** 
were taken frequently before and after the administr °°^ 
of diuretics, it was not expedient to keep the subject ^ 
the basal or postabsorptive state. The patients ate br S i? 
fast at 7 :30 a.m., after which they received no fl ^ * 
until samples of blood were taken without stasis at 10*Ji 
a.m. The diuretic was then given. A rubber stopper ^ 
used to eliminate evaporation. Clotting was prevented^ 
use of heparin. ^ 


METHODS AND PLAN OF observations 

The specific gravity of the plasma of the blood of 
cardiac patients exhibiting signs and symptoms of con- 


1 It is recalled, however, that Moore and Stewart ( 
found that drinking 3000 cc. water did not alter 
specific gravity of the blood. 
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Fig. 2. Relation of Initiation and Occurrence of Diuresis to Specific Gravity of the Blood Plasma 


In Figure 2 A are plotted specific gravity estimations of the plasma to show the level at which diuresis was 
initiated. Closed circles indicate that diuresis was initiated at the level shown. In Figure 2 B are plotted data to show 
the relation of occurrence and persistence of diuresis to specific gravity of the blood plasma. Closed circles in- 
dicate occurrence of diuresis and open ones that diuresis was not taking place. In Figure 2C are plotted specific 
gravity estimations of patients during (closed circles) and recovered (open circles) from heart failure. 


observations 

Specific gravity of the blood plasma was observed in 
instances of diuresis occurring spontaneously without the 
use of drugs (8 patients), in diuresis resulting from 
digitalis (9 patients), and, finally, in diuresis following 
the use of theocalcin (Merck) (5 patients). Patients 
having auricular fibrillation, as well as those with normal 
sinus rhythm, were subjects. 

Patient B. McL. (Figure 1^4) illustrates the effect of 
digitalis. Rest in bed and restriction of fluids did not 
result in diuresis. When digitan 1.2 grams (Merck) 2 
were given in 24 hours, diuresis with loss in weight 
occurred promptly. The ventricular rate decreased. On 
the first day of diuresis, the specific gravity of the blood 
plasma fell to 1.0250 from a control level of 1.0280, and 
the next day, with further increase in urine output, to 
1.0230, and then rose gradually to 1.0280 again. Similar 
results were seen in 7 patients with auricular fibrillation 
and in 2 patients with normal sinus rhythm. In an 
eighth patient with auricular fibrillation, in whom diuresis 
did not occur, specific gravity of the plasma did not fall. 

The case of JL. C. (Figure IB) illustrates the effect of 
theocalcin. The specific gravity of the plasma was 1.0264 
during the control period; with 4.5 grams of theocalcin 
daily, diuresis occurred promptly; the specific gravity fell 
immediately to 1.0239 and then further the next day to 
1.0223 and rose gradually to 1.0275 toward the end of 

2 This amount of this preparation decreased the ven- 
tricular rate in auricular fibrillation to around 70 per 
minute when given in 24 hours and was called the digital- 
izing amount. 


diuresis. Similar patterns were recorded in one other 
patient with auricular fibrillation and 3 patients with 
normal sinus mechanism. 

The case of J. McM. (Figure 1C) illustrates the re- 
sults in 3 patients with auricular fibrillation and 5 patients 
with normal sinus rhythm in whom diuresis occurred 
spontaneously with rest in bed and limitation of fluid 
intake. There was a fall in specific gravity when diuresis 
occurred; or, if diuresis had been initiated when the first 
sample was taken, the specific gravity was low, rose with 
the continuance of diuresis, and had risen to a normal 
level when excess fluid had been eliminated. 

For all patients the level of specific gravity of the 
plasma was plotted to show the onset of diuresis (Figure 
2A ). When it fell to 1.0250 in 17 instances and to 
1.0255 in 5 instances, diuresis was initiated; above 1.0255 
the onset of diuresis was not observed. 

For all patients the level of specific gravity of the 
blood plasma was plotted to show not only the onset but 
also the persistence of diuresis (Figure 2B) after it had 
been initiated. Bclozv 1.0248, diuresis either occurred or 
was initiated in every instance, and in the zone 1.0248 to 
1.0255, there were only a few instances in which diuresis 
was not occurring. Diuresis, having been initiated at a 
specific gravity below 1.0255, may continue with a rising 
specific gravity, even when it has attained values up to 
1.0269. The value 1.0255 may be called the critical level 
for the initiation of diuresis in congestive heart failure. 

The specific gravity of the plasma of 13 cardiac pa- 
tients, in water equilibrium during congestive heart fail- 
ure, ranged from 1.0248 to 1.0304 (Figure 2C). In one 
subject only it was at this lower level, and in 3 instance^ 
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only was it below 1.0258. In short, all values were in 
the normal rnnpc and above the edema level of 1.0233 
found for patients with nephritis (7). Moreover, these 
values arc above the diuresis level which was observed in 
patients in this study. The specific gravity of the plasma 
of 16 cardiac patients, in water equilibrium and recovered 
from congestive heart failure, ranged from 1.0253 to 
1.0295 (Figure 2 C), values similar to those recorded 
during failure. 

DISCUSSION 

Data now available show that the specific grav- 
ity of the blood plasma of cardiac patients, 
whether before the occurrence of failure (8), dur- 
ing failure, or after recover)' from failure, when 
the subjects are in water equilibrium, is in the nor- 
mal range, 1.0248 to 1.0304; the occurrence of 
edema in them docs not depend on the level of 
specific gravity of the plasma or of the plasma 
proteins. When thcocalcin or digitalis was given 
and diuresis occurred, the specific gravity of the 
plasma fell from a higher level to 1.0255 or lower 
(Figures 1A, IB, 2 A) and, in all except 6 in- 
stances, fell below 1.0248. Once diuresis had 
been initiated, it could proceed with a specific 
gravity above these levels as the specific gravity 
returned toward or above the original levels (Fig- 
ure 2B). The pattern was similar when diuresis 
occurred spontaneously. These observations indi- 
cate that fluid is drawn into the blood, giving rise 
to dilution of the blood and by inference to in- 
crease in its volume. Since this was the sequence 
on each occasion when diuresis occurred, the in- 
ference may be drawn that increase in blood vol- 
ume was the stimulus which led the kidneys to 
begin diuresis. When the specific gravities of 
frequent samples of blood taken before and after 
the giving of these drugs were correlated with the 
voiding of urine, it was observed that a fall in 
specific gravity of the plasma preceded the occur- 
rence of diuresis. The occurrence of diuresis 
could be predicted when it was discovered whether 
the specific gravity fell or was unchanged. In no 
instance did the specific gravity rise with onset of 
diuresis. 

In patient E. G. the specific gravity of the 
plasma before the onset of diuresis was 1.0270. 
T he specific gravity of the edema fluid, removed 
from the legs by Southey tubes and collected un- 
der oil to avoid evaporation, was 1.0080. With the 
mitiation of diuresis 3 da^s later, the specific grav- 


ity of the plasma fell to 1.0240. By the addition 
of varying amounts of edema fluid to the blood 
plasma and estimation of the specific gravity of 
the mixture, it was calculated that the addition 
of approximately 400 cc. of edema fluid having a 
specific gravity of 1.0080 to the blood would have 
been sufficient to reduce the specific gravity to 
the observed level of 1.0240. The blood volume 
was presumably increased by this amount. Esti- 
mation of the urinary excretion of protein in a few 
patients during diuresis did not account for the 
low concentration indicated by the fall in specific 
gravity, and eliminated the possibility that there 
had been loss of proteins from the blood by this 
channel. The decrease was thought to be due not 
to loss of protein from the blood, but to dilution 
of the blood by edema fluid or by other fluid accu- 
mulations. It is to be emphasized that diuresis 
did not occur because the plasma proteins had been 
lowered. The fall in specific gravity from a high 
level to a low one represented increase in blood 
volume with dilution of the blood; in short, suf- 
ficient increase in blood volume had occurred by 
change from the high specific gravity to 1.0255, 
or lower, to provide the stimulus for the kidneys 
to initiate diuresis. 

These results, in diuresis occurring spontane- 
ously as well as following digitalis and theocalcin, 
are similar to those Crawford and McIntosh (1) 
found with novasurol. They differ, however, 
from Evans and Gibson’s (6) findings in dogs. 
The divergent results may be due in part to the 
difference of the subjects in the two studies (pa- 
tients suffering from heart failure in one, and dogs 
rendered edematous by plasmapheresis in the 
other) and in part to different drugs. 

The normal level of specific gravity of the 
plasma in cardiac patients not only during failure 
but after recovery from failure demonstrates that 
the occurrence of edema is not dependent upon 
lowered plasma proteins. These results are in 
agreement with those of Moore and Stewart (8). 
On the other hand, Thomson (9), Ellis (10) and 
Payne and Peters (11) have found low plasma 
proteins in patients with cardiac edema. The 
data now being recorded show that the specific 
gravity of the plasma and the plasma proteins 
decrease with onset of diuresis. It may be that 
certain of Thomson’s (9) and Ellis’ (10) and 
Payne and Peters’ (11) patients were not in water 
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equilibrium when observations were made; diu- 
resis may have been about to start or was already 
occurring. Data relating to urine output and 
changes in body weight were not available in their 
papers for making an analysis from this point of 
view. No doubt, in certain cardiac patients 
plasma protein deficiency from low protein intake 
or as the result of cardiac cirrhosis may also be 
operative as an additional factor, but it does not 
appear to play a role in the causation of edema 
in the uncomplicated case of heart disease with 
failure. 

SUMMARY 

(1) Change in level of the specific gravity of 
the plasma has been used as a measure of change 
in blood volume, decrease in specific gravity indi- 
cating dilution of the blood, and increase in spe- 
cific gravity concentration. It appeared that diu- 
resis in the presence of heart failure of the con- 
gestive type depended on changes initiated in the 
tissues, since it was accompanied by decrease in 
specific gravity of the plasma, that is to say, by 
dilution of the circulating blood with increase in 
blood volume. Dilution of the blood preceded the 
onset of diuresis and increase in blood volume ap- 
peared to be the stimulus that initiated diuretic 
response of the kidneys. The results were similar 
not only when diuresis occurred spontaneously, but 
when it was occasioned by digitalis and by theo- 
calcin and, moreover, whether in the presence of 
normal sinus rhythm or of auricular fibrillation, 
and whether the cause of the heart disease was 
rheumatic fever, syphilis, arteriosclerosis or hyper- 
tension. These studies do not relate to the ana- 
tomical portions of the kidney which take part 
in the accelerated formation of urine in diuresis. 

(2) The specific gravity of the plasma must 
fall from a high level to 1.0255 or lower for the 
initiation of diuresis. Below this level may be 
called the diuretic zone in heart failure, in that 
it corresponds to a dilution of the blood with in- 
crease in blood volume of sufficient magnitude to 
initiate diuresis. 

(3) In uncomplicated heart disease the level of 
specific gravity of the plasma, and by inference 
the plasma proteins (7, 8), is in the normal range 
not only before the onset of failure (8) but dur- 


ing and after recovery from failure. Plasma pro- 
tein deficiency does not participate in the etiology 
of cardiac edema usually. 

(4) In the technique of taking blood for plasma 
or serum proteins or specific gravity of the plasma, 
samples should not be obtained when diuresis is 
being initiated or occurring, since low results may 
be recorded which do not reflect the usual level 
for the subject. Results should be interpreted in 
the light of the effect of diuresis which has been 
demonstrated in this investigation. 

T 
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In addition to the bile pigments, there are pres- 
ent in the urine and stool another scries of pyrrole 
pigments, the porphyrins. Hemoglobin, myo- 
globin, and other respiratory pigments contain as 
their prosthetic group a porphyrin of Type III 
configuration. The porphyrin excreted in urine 
and feces by normal individuals, and in most 
pathological states, is coproporphyrin Type I. 
This substance cannot be derived by degradation 
of the Type III porphyrins present in the respira- 
tory pigments (1). Dobriner and his associates 
have shown that coproporphyrin I is formed as a 
by-product in the course of hematopoiesis (2a, 

b, c). Furthermore, they showed that the rate of 
production and excretion of coproporphyrin I de- 
pends upon the activity of orderly hematopoiesis 
(3a, b, c). Dobriner (4a, b) and Watson (Sa, b, 

c, d, e) have established that the excreted copro- 
porphyrin is chiefly, if not entirely, endogenous in 
origin. The greater proportion of the copropor- 
phyrin is excreted by the liver into the intestinal 
tract and is found in the stool. There is a simi- 
larity between the pathways of excretion of copro- 
porphyrin and the bile pigments. 

Salkowski (7) and Garrod (9), in their early 
work on porphyrins, observed an increased urinary 
output of porphyrins in liver disease. Elevated 
urinaty porphyrin excretion has been recorded in 
cases of passive congestion of the liver, cholangitis, 
catarrhal jaundice, luetic hepatitis, hemachroma- 
tosis, secondary carcinoma of the liver, acute and 
subacute liver atrophy, and cirrhosis (4a, 6, 10a, 
b, 11a, b, 12, 13, 15, 16, 17, 18). 

No suitable fecal coproporphyrin studies have 
been reported in cases of diseases of the liver. 
Brugsch (11a, b) and Vigliani (6) did not sepa- 
rate the fecal porphyrins into their components, 
hence their quantitative data for fecal porphyrin 
excretion comprise the total fecal porphyrins, and 
include deuteroporphyrin and protoporphyrin, 
which are partially exogenous in origin (4b, 5e). 


Brugsch (11a, b) suggested that there might be 
value in the determination of the relative excre- 
tion of urinary and fecal porphyrins in cases of 
liver disease. 

It was reasoned that, since the coproporphyrin is 
excreted by the liver as well as by the kidney, the 
injured liver might be unable to excrete the total 
amount of coproporphyrin presented to it, and 
therefore this substance would accumulate in the 
blood stream and be excreted in the urine. Thus 
the urinary excretion would be increased at the 
expense of the fecal output. In cases of liver in- 
sufficiency, the ratio of urinary to fecal copropor- 
phyrin should be elevated. In order to determine 
the amount of porphyrin cleared by the liver, only 
the coproporphyrin need be determined, since it 
alone is excreted in both urine and feces. 

METHODS 

The quantitative separation methods for coproporphyrin 
used in our studies are those of Dobriner (4a, b, 20). 
Quantitative measurements were done by means of a 
spectroscopic colorimeter (21). 

All of the patients studied were on a regular diet. The 
entire urine and stool were collected for a period of 
seventy-two hours. In order to insure accurate collec- 
tions of feces, capsules of brilliant blue were adminis- 
tered at the beginning and end of the seventy-two-hour 
test period, and the stool beginning at the first marker 
and ending just in front of the second marker was taken 
as a seventy-two-hour specimen. Actual determinations 
were done on aliquots of the stool and urine. The copro- 
porphyrin output of the urine and stool was determined 
and the ratio of urinary to fecal coproporphyrin computed 
for a twenty-four-hour period. All cases studied were 
tested for the presence of bile pigments in the stool, and 
found to be positive. 

RESULTS 

Studies were done on a total of twenty-five 
cases. Of these, five (Cases 1 to 5, Table I) are 
in the normal group and the ratio of urinary to 
fecal coproporphyrin varied from 0.3 to 0.6. One 
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equilibrium when observations were made; diu- 
resis may have been about to start or was already 
occurring. Data relating to urine output and 
changes in body weight were not available in their 
papers for making an analysis from this point of 
view. No doubt, in certain cardiac patients 
plasma protein deficiency from low protein intake 
or as the result of cardiac cirrhosis may also be 
operative as an additional factor, but it does not 
appear to play a role in the causation of edema 
in the uncomplicated case of heart disease with 
failure. 

SUMMARY 

(1) Change in level of the specific gravity of 
the plasma has been used as a measure of change 
in blood volume, decrease in specific gravity indi- 
cating dilution of the blood, and increase in spe- 
cific gravity concentration. It appeared that diu- 
resis in the presence of heart failure of the con- 
gestive type depended on changes initiated in the 
tissues, since it was accompanied by decrease in 
specific gravity of the plasma, that is to say, by 
dilution of the circulating blood with increase in 
blood volume. Dilution of the blood preceded the 
onset of diuresis and increase in blood volume ap- 
peared to be the stimulus that initiated diuretic 
response of the kidneys. The results were similar 
not only when diuresis occurred spontaneously, but 
when it was occasioned by digitalis and by theo- 
calcin and, moreover, whether in the presence of 
normal sinus rhythm or of auricular fibrillation, 
and whether the cause of the heart disease was 
rheumatic fever, syphilis, arteriosclerosis or hyper- 
tension. These studies do not relate to the ana- 
tomical portions of the kidney which take part 
in the accelerated formation of urine in diuresis. 

(2) The specific gravity of the plasma must 
fall from a high level to 1.0255 or lower for the 
initiation of diuresis. Below this level may be 
called the diuretic zone in heart failure, in that 
it corresponds to a dilution of the blood with in- 
crease in blood volume of sufficient magnitude to 
initiate diuresis. 

(3) In uncomplicated heart disease the level of 
specific gravity of the plasma, and by inference 
the plasma proteins (7, 8), is in the normal range 
not only before the onset of failure (8) but dur- 


ing and after recovery from failure. Plasma pro- 
tein deficiency does not participate in the etiology 
of cardiac edema usually. 

(4) In the technique of taking blood for plasma 
or serum proteins or specific gravity of the plasma, 
samples should not be obtained when diuresis is 
being initiated or occurring, since low results may 
be recorded which do not reflect the usual level 
for the subject. Results should be interpreted in 
the light of the effect of diuresis which has been 
demonstrated in this investigation. 
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In addition to the bile pigments, there are pres- 
ent in the urine and stool another scries of pyrrole 
pigments, the porphyrins. Hemoglobin, myo- 
globin, and other respiratory pigments contain as 
their prosthetic group a porphyrin of Type III 
configuration. The porphyrin excreted in urine 
and feces by normal individuals, and in most 
pathological states, is coproporphyrin Type I. 
This substance cannot be derived by degradation 
of the Type III porphyrins present in the respira- 
tory pigments (1). Dobriner and his associates 
have shown that coproporphyrin I is formed as a 
by-product in the course of hematopoiesis (2a, 

b, c). Furthermore, they showed that the rate of 
production and excretion of coproporphyrin I de- 
pends upon the activity of orderly hematopoiesis 
(3a, b, c). Dobriner (4a, b) and Watson (5a, b, 

c, d, e) have established that the excreted copro- 
porphyrin is chiefly, if not entirely, endogenous in 
origin. The greater proportion of the copropor- 
phyrin is excreted by the liver into the intestinal 
tract and is found in the stool. There is a simi- 
larity between the pathways of excretion of copro- 
porphyrin and the bile pigments. 

Salkowski (7) and Garrod (9), in their early 
work on porphyrins, observed an increased urinary 
output of porphyrins in liver disease. Elevated 
urinary porphyrin excretion has been recorded in 
cases of passive congestion of the liver, cholangitis, 
catarrhal jaundice, luetic hepatitis, hemachroma- 
tosis, secondary carcinoma of the liver, acute and 
subacute liver atrophy, and cirrhosis (4a, 6, 10a, 
b, 11a, b, 12, 13, 15, 16, 17, 18). 

No suitable fecal coproporphyrin studies have 
been reported in cases of diseases of the liver. 
Brugsch (11a, b) and Vigliani (6) did not sepa- 
rate the fecal porphyrins into their components, 
hence their quantitative data for fecal porphyrin 
excretion comprise the total fecal porphyrins, and 
include deuteroporphyrin and protoporph) rin, 
which are partially exogenous in origin (4b, 5e). 


Brugsch (11a, b) suggested that there might be 
value in the determination of the relative excre- 
tion of urinary and fecal porphyrins in cases of 
liver disease. 

It was reasoned that, since the coproporphyrin is 
excreted by the liver as well as by the kidney, the 
injured liver might be unable to excrete the total 
amount of coproporphyrin presented to it, and 
therefore this substance would accumulate in the 
blood stream and be excreted in the urine. Thus 
the urinary excretion would be increased at the 
expense of the fecal output. In cases of liver in- 
sufficiency, the ratio of urinary to fecal copropor- 
phyrin should be elevated. In order to determine 
the amount of porphyrin cleared by the liver, only 
the coproporphyrin need be determined, since it 
alone is excreted in both urine and feces. 

METHODS 

The quantitative separation methods for coproporphyrin 
used in our studies are those of Dobriner (4a, b, 20). 
Quantitative measurements were done by means of a 
spectroscopic colorimeter (21). 

All of the patients studied were on a regular diet. The 
entire urine and stool were collected for a period of 
seventy-two hours. In order to insure accurate collec- 
tions of feces, capsules of brilliant blue were adminis- 
tered at the beginning and end of the seventy-two -hour 
test period, and the stool beginning at the first marker 
and ending just in front of the second marker was taken 
as a seventy-two-hour specimen. Actual determinations 
were done on aliquots of the stool and urine. The copro- 
porphyrin output of the urine and stool was determined 
and the ratio of urinao r to fecal coproporphyrin computed 
for a twenty-four-hour period. All cases studied were 
tested for the presence of bile pigments in the stool, and 
found to be positive. 

RESULTS 

Studies were done on a total of twenty -five 
cases. Of these, five (Cases 1 to 5, Table I) are 
in the normal group and the ratio of urinary to 
fecal coproporphyrin varied from 0.3 to 0.6. One 



8 


S. ARTHUR LOCALIO, M. STEPHEN SCHWARTZ, AND CATHERINE F. GANNON 


of the normals (Case 5), a 27-year-old male in 
good general condition, was suffering from an in- 
guinal furuncle with adenitis and had moderate 
fever during the course of the test. The total ex- 
cretion in this case was elevated (585 gamma), 
although the ratio was within normal limits. 


TABLE I 

Coproporphyrin excretion in normals 


Case 

Age 

Sex 

Urine 

copropor- 

phyrin 

Fecal 

copropor- 

phyrin 

i 

Total 

copropor- 

phyrin 

Ratio 

i 

25 

F 

50 

150 

200 

0.3 

2 

26 

M 

130 

205 

335 

0.6 

3 

28 

M 

95 

285 

380 

0.3 

4 

29 

M 

150 

245 

395 

0.6 

*5 

27 

M 

220 

365 

585 

0.6 


* Fever. 


Ten of the patients (Cases 10 to 19, Table III) 
fall in the category of cirrhosis. Two of these 
were of the juvenile portal type, one of the cardiac 
type, and the remainder of the classical portal 
variety. The diagnosis in five of these cases was 
verified by autopsy, biopsy, or peritoneoscopy. 
The urinary/fecal coproporphyrin ratio in these 
cases varied from 0.8 to 12.0. 

One patient with a ratio of 0.3 (Case 20, Table 
III) was convalescing from catarrhal jaundice, 
and manifested normal bromsulfalein and galac- 
tose tolerance tests. 

Of the remaining nine cases, three (Cases 21 to 
23, Table III) had secondary carcinoma of the 
liver, one of these being verified by biopsy. The 


urinary/fecal coproporphyrin ratios in these cases 
were 0.8, 20.0, and 22.0. 

A patient with a ratio of 4.3 (Case 24, Table 
III) was classified as essential xanthomatosis 
(22) ; and another (Case 25, Table III), with a 
ratio of 13.3, was diagnosed as subacute liver 
atrophy. 

Three patients (Cases 6, 7, 8, Table II) had 
doubtful liver insufficiency, although all had en- 
larged livers. The ratios in these patients varied 
from 0.45 to 0.7. The final case (Case 9, Table 
II), clinically designated as cirrhosis of the liver, 
had a normal bromsulfalein excretion and blood 
chemistry. This patient was operated upon. 
Liver tissue was not obtained for examination, 
although a portion of the greatly thickened cap- 
sule was examined. The diagnosis of the patholo- 
gist was “ Chronic inflammation of the capsule 
of the liver which in some respects corresponds 
to the thickening seen in polyserositis.” On re- 
viewing this case, who had an ascites of three 
years’ duration, it was found that she had had a 
previous operation for adhesive pericarditis. In 
spite of the clinical diagnosis of cirrhosis, we feel 
that this is not a case of parenchymal liver disease 
but one of polyserositis. 

DISCUSSION 

The coproporphyrin output in several normal 
males was determined by Dobriner, Strain, and 
Localio (2a). The total output varied between 
306 and 376 micrograms per diem, of which 64 
to 123 micrograms were excreted in the urine. 


TABLE II 


Co pro porphyrin excretion in hepatomegaly without clinically disturbed liver function 


Case 

Age 

Sex 

i 

Diagnosis 

Red 

blood 

cells 

Hemo- 

globin 

Ic- 

terus 

index 

Serum 

bili- 

rubin 

Cho- 

les- 

terol 

Cho- 

les- 

terol 

esters 

Ratio 

choles- 

terol 

esters/ 

choles- 

terol 

Brom- 

sulf- 

alein 

Urine 

copro- 

porphy- 

rin 

Fecal 

copro- 

por- 

phyrin 

Total 

copro- 

porphy- 

rin 

Ratio 

urinary/ 

fecal 

copro- 

porphy- 

rin 

6 

55 

F 

Pyelonephritis 

hepatomegaly 

millions 

3.94 

grams 

12.3 

5 

■ 

■ 

■ 

per cent 

per cent 
16 

12 



560 

0.5 

■ 

67 

M 

Myxedema 

hepatomegaly 

3.27 

9.8 

4 

i 

very 

faint 

trace 

i 

235 

95 

41 

18 

[ trace 

1 50 

70 

120 

0.7 

8 

18 

F 

Rheumatic heart dis- 
ease, hepatomegaly 

4.02 

13.5 

■ 

■ 

170 

70 

41 

8 

trace 

45 

115 

160 

H 

9 

40 

i 

F 

Polyserositis, ascites 

3.84 

12.0 

■ 

■ 

190 

60 

32 

8 

6 

35 

100 

135 

0.35 
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TABLE III 

Co pro porphyrin excretion in eases with disturbed Uver function 


Cate 

Agt 

Sex 

Dillon* 

Red 

blood 

cells 

Hemo- 

globin 

Ic- 

terus 

index 

Scrum 

bilirubin 

Chol- 

ester- 

ol 

Chol- 

esterol 

esters 

Ratio 

chol- 

esterol 

esters/ 

chol- 

esterol 

! 

Brom- 
sulfalein 
. 5 mgm. doee 
30 and 60 
minutes 

Galactose 

tolerance, 

Taksta 

Ara 

Urine 
copro- 
porphy- 
i rm 

Fecal 

copro- 

porphy- 

rm 

Total 

copro- 

porphy- 

nn 

Ratio 

urinary/ 

fecal 

copro- 

porphy- 

ria 

JO 

19 

M 

Porta! eirrhoris, juvenile 
(biopsy) 

nit I ions 
4.G0 

pro mi 
14.0 

9.4 

less than 
1.0 

195 

SO 

! ptr cent 
' 41 

1 

i 

»ooc. 

negative/ 

negative 

145 

i 

135 

280 

1.1 

11 

gj 

3 

Porta! ctrrhoris. juvenile 
(peritoneoscopy) 

4.00 

13.0 

■ 

2.0 

210 

60 

28 

1 40 

28 

7.04 grams 

1 310 

1 

250 

560 

B 

12 


m 

Cardiac eirrhoris 

4.42 

12.C 

6.8 

1 



low 



100 

115 

215 

E3 

13 

M 

M 

Suggestive eirrhorii (Hopey) 

4H0 

I 

13.5 

1 0.0 

t 

less than 
1.0 

S| 

05 

28 

1 20 

1 12 

i ... 

negative 

1 75 

l 

95 

170 

0.8 . 

H 

34 

IT 

i 

Porta! cirrhotls 


1 

1 

35.7 

AJS 

200 

i 

i 


j 40 

40 


1 150 

i 

f 165 

1 

i 

315 

0.9 

i 

IS 

55 

"m" 

Porta! cirrhosis 

4.36 

9.9 

fi 


u 

trace 

low 

1 38 

28 


; no 

' 85 

195 

1.3 

10 

53 

M 

Porta! cirr ho ns 

4.39 

14.0 

13.G 

less than 
1.0 

375 

180 

48 

40 

28 

3.2 grama/ 
negative 

i 90 

1 45 

135 

2.0 

17 

48 

T~ 

i 

Porta! cirrhosis j 

2.64 

10.2 

H 


H 

45 

18 

40 

24 

negative 

125 

55 

i 180 

2.3 

18 

33 

M 

Portal cirrhosis (autopey) 

4.62 

14.0 

125.0 

20.0 

ISO 

trace 

low 

4+ 

4+ 

4.2 grams/ 
positive 

960 

' 80 

i 1040 

12.0 

19 

63 

M 

Portal cirrhosis (autopsy) 



34.1 

m 

g 

7° 

21 

36 

32 


' 400 

70 

470 

£.9 

20 

21 

F 

Convalescent catarrha! jaun- 
dice 

. 4.92 

14.6 

12.5 

m 

S 



6 

6 

negative 

! 50 

l 

185 

i 

235 

0.3 ■ 

21 

*47~ 

T~ 

Secondary carcinoma of liver 
(biopsy) 

2.76 

9.3 

10.0 

less than 
1.0 

230 

65 

28 

20 

12 

negative 

75 

l 

1 95 

! 

170 

0.8 

22 

29 

M 

Secondary carcinoma oflivtr 

3.46 

11.9 

40.9 

B 

a 

115 

32 

40 

28 


500 

1 

25 

I 

525 

20.0 

23 

51 

M 

Secondary carcinoma of liver 

ZM 

12.6 


15.0 

305 

40 

13 

4 + ! 
4+ 


220 

10 

230 

j 

22.0 

24 

44 

F 

Essential xanthomatosis 

3.20 

11.0 

w 

12.0 

360 

125 

35 

40 

36 


280 

65 

345 

! 4,3 

25 

22 

~M~ 

Subacute liver atrophy 

4.40 

15.5 

158.0 

24.7 

180 

32 

16 

40 

40 


200 

15 

215 

1 13-3 


We have calculated the urinary/fecal copropor- 
phyria ratios in these cases and found them to 
vary from 0.2 to 0,6. In our own group of cases, 
the urinary/fecal coproporphyrin ratio in normals 
varied from 0.3 to 0.6. 

In normal females the total excretion is slightly 
less but the ratio is unchanged. The lowered total 
excretion manifested by females is illustrated by 
Cases 1, 8, 12, and 20. 

Dobriner and Rhoads (8), in their review of the 
porphyrins have stated that the total copropor- 
phyrin I output is dependent on several factors, 
the principal one being the activity of the hemato- 
poietic system. 

In Tables II and III there are several cases ex- 
hibiting abnormally low total excretion. Six of 
these cases (7, 9, 15, 17, 21, 23) are seen to pre- 
sent secondary anemia. Two others (13, 16) 


have low excretory values which cannot be ade- 
quately explained. 

Increased total coproporhyrin output in febrile 
states is illustrated by Cases 5 and 6. In these 
cases, although the total excretion was increased, 
the ratios were within the range of normal. It is 
possible that the increased excretion in the pres- 
ence of fever is due to the stimulating effects of 
elevated temperatures upon hematopoietic activity. 
With the exception of these two, all cases studied 
were afebrile during the course of the tests. 

Dobriner (4a, b) and Vigliani and Libowitzky 
(23) have demonstrated the excretion of copro- 
porphyrin III in a number of cases of liver disease 
such as melanocarcinoma, acute and subacute liver 
atrophy, and in some cases of cirrhosis. No at- 
tempt was made in the present study to ascertain 
whether coproporphyrin III was excreted in any 
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of the cases, because sufficient material for melt- 
ing point determination was not available. How- 
ever, the high values obtained in four of the cases 
(Cases 11, 18, 22 and 24), in which there was no 
evidence of hyperactivity of the bone marrow and 
in which fever was not present, are possibly at- 
tributable to the excretion of coproporphyrin III 
in addition to the usual coproporphyrin I. 

Because of these many divergent factors, the 
importance of determination of the urinary/fecal 
coproporphyrin ratios is emphasized in evaluating 
the status of the liver. It can readily be seen that 
a patient might exhibit a high urinary copropor- 
phyrin excretion which would lead one to false 
conclusions in the absence of fecal coproporphyrin 
studies. However, the fecal coproporhyrin excre- 
tion might be at such a level that a normal ratio 
obtains, e.g., Case 5 with a urinary excretion of 
220, and Case 6 with a urinary coproporphyrin 
excretion of 190. The converse may also be true, 
in that a case with a normal urinary copropor- 
phyrin excretion with a low total output and low 
fecal coproporphyrin excretion may be included as 
normal, although the calculated ratio may be ele- 
vated, e.g., Cases 12, 13, 15, 16, 17, 21. 

In the tests of liver function done concomitantly 
with the porphyrin excretion studies, it appears 
that the ratio of urinary/fecal coproporphyrin out- 
put more closely approximates the clinical evalu- 
ation of disturbance of liver function and the 
blood chemistry changes than do certain of these 
tests. The cholesterol ester/total cholesterol ratio 
was normal in five of the undoubted cases of liver 
insufficiency (Cases 10, 16, 21, 22, 24). In six 
of the fifteen abnormal cases studied, galactose 
tolerance tests were performed, and in three of 
these, all cases of liver insufficiency, the tests were 
within the range of normal. The Takata Ara 
test, done in three cases, was negative in two. 
Abnormal bromsulfalein retention was observed 
in all of the fifteen cases, although the retention 
in some of the cases does not appear to parallel 
the degree of liver insufficiency. 

Since the procedure is dependent upon the in- 
tegrity of the extra-hepatic biliary passages, it is 
obvious that it cannot be used in cases with ob- 
struction of these passages. 


CONCLUSIONS 

(1) In the normal individuals studied, the ratio 
of urinary to fecal coproporphyrin varied from 

0. 3 to 0.6. 

(2) In cases of liver insufficiency this ratio was 
increased. 

(3) The highest ratios were obtained in the 
cases exhibiting the most evident disturbance of 
liver function. 

The authors wish to express their gratitude to Dr. 
Konrad Dobriner for the interest shown during the 
progress of this work. 
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of the cases, because sufficient material for melt- 
ing point determination was not available. How- 
ever, the high values obtained in four of the cases 
(Cases 11, 18, 22 and 24), in which there was no 
evidence of hyperactivity of the bone marrow and 
in which fever was not present, are possibly at- 
tributable to the excretion of coproporphyrin III 
in addition to the usual coproporphyrin I. 

Because of these many divergent factors, the 
importance of determination of the urinary/fecal 
coproporphyrin ratios is emphasized in evaluating 
the status of the liver. It can readily be seen that 
a patient might exhibit a high urinary copropor- 
phyrin excretion which would lead one to false 
conclusions in the absence of fecal coproporphyrin 
studies. However, the fecal coproporhyrin excre- 
tion might be at such a level that a normal ratio 
obtains, e.g., Case 5 with a urinary excretion of 
220, and Case 6 with a urinary coproporphyrin 
excretion of 190. The converse may also be true, 
in that a case with a normal urinary copropor- 
phyrin excretion with a low total output and low 
fecal coproporphyrin excretion may be included as 
normal, although the calculated ratio may be ele- 
vated, e.g., Cases 12, 13, 15, 16, 17, 21. 

In the tests of liver function done concomitantly 
with the porphyrin excretion studies, it appears 
that the ratio of urinary/ fecal coproporphyrin out- 
put more closely approximates the clinical evalu- 
ation -of disturbance of liver function and the 
blood chemistry changes than do certain of these 
tests. The cholesterol ester /total cholesterol ratio 
was normal in five of the undoubted cases of liver 
insufficiency (Cases 10, 16, 21, 22, 24). In six 
of the fifteen abnormal cases studied, galactose 
tolerance tests were performed, and in three of 
these, all cases of liver insufficiency, the tests were 
within the range of normal. The Takata Ara 
test, done in three cases, was negative in two. 
Abnormal bromsulfalein retention was observed 
in all of the fifteen cases, although the retention 
in some of the cases does not appear to parallel 
the degree of liver insufficiency. 

Since the procedure is dependent upon the in- 
tegrity of the extra-hepatic biliary passages, it is 
obvious that it cannot be used in cases with ob- 
struction of these passages. 


CONCLUSIONS 

( 1 ) In the normal individuals studied, the ratio 
of urinary to fecal coproporphyrin varied from 

0. 3 to 0.6. 

(2) In cases of liver insufficiency this ratio was 
increased. 

(3) The highest ratios were obtained in the 
cases exhibiting the most evident disturbance of 
liver function. 

The authors wish to express their gratitude to Dr. 
Konrad Dobriner for the interest shown during the 
progress of this work. 
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Countcrirritation lias always been one of the 
most important methods available to physicians 
for the relief of pain, yet it is poorly understood 
and in recent years has claimed scant attention. 
Our purpose was to experience, study, and analyze 
the phenomena of counterirritation in the hope 
of obtaining information which would lead to the 
improvement of the clinical methods now in use. 

The extreme difficulty of evaluating a patient’s 
statements regarding the discomfort from which 
he is suffering need not be emphasized. There- 
fore, it seemed wise to begin by inducing pain 
in ourselves and to experience the effects of the 
various forms of countcrirritation upon it. The 
larger part of this communication is a report of 
such experiences. Preliminary reports have al- 
ready appeared (1). 

In this way the stimuli commonly used in coun- 
terirritation — heat, cold, rubbing, scratching, etc. 
—were tested and their relative effectiveness as- 
sayed. Also, the utility of electrical stimulation 
of varying strength, duration, and frequency, was 
investigated. 

Later we performed experiments designed to 
give insight into the physiological mechanism of 
the relief secured ; first on ourselves, and second, 
with the help of Dr. D. W. Bronk, on animal 
preparations. 

Finally, we attempted to make some use of 
the information gained by applying it to relieve 
the pains of over 80 patients. This phase of our 
work merits a preliminary report only. But the 
results have convinced us that the ordinary clinical 
methods of relieving pain by counterirritation are 
far from the best which can be devised. 

TECHNIQUE 

Methods employed to induce pain in ourselves 

(i) Application of irritants to the skin. When an oint- 
ment containing 3 per cent capsicum, 1 10 per cent turpen- 
tine and certain other irritants was rubbed into the skin. 
burning p ain began in about 10 minutes and lasted several 

’^Capsolin from Parke Davis and Co. 


hours. By large dosage and vigorous rubbing the dis- 
comfort was made as great as could be tolerated. The 
pain could, however, be ended by repeated applications 
of petrolatum rubbed into the area and then wiped off. 

(2) Subcutaneous injection of irritating solutions . A 
10 per cent sterile solution of NaCl proved most satis- 
factory for our purpose. Injection of amounts up to 
0.25 cc. could be tolerated. The violent pain which fol- 
lowed immediately was characteristically a deep seated 
ache with an occasional more severe “ shooting pain” 
and was sometimes accompanied by tingling. This pain 
lasted with little diminution of intensity for about 20 
minutes and then slowly subsided; experiments were 
possible for about 30 minutes. Tenderness and indura- 
tion persisted for about 24 hours. In one of us (S) the 
pain remained localized, in the other (G) it radiated 
markedly up and down the arm and to the opposite 
surface. 

Methods of counterirritation 

(7) Temperature changes were secured by application 
of an ordinary rubber hot-water bottle or ice bag. In 
some experiments measurements of skin temperature 
were made by means of a thermocouple. 

(2) Vibration was secured by an alternating current 
vibrator which produced a movement of about 1 mm. 60 
times a second. 

(3) Tactile sensations were induced by rubbing the 
skin with cotton for mild effects and by scratching it 
with a sharp wooden edge for stronger effects. An air 
jet was used in a few experiments to secure rapidly in- 
terrupted stimulation. Both a fan and a source of com- 
pressed air were used. 

( 4 ) Electric stimulation was usually secured by a stim- 
ulator, designed and constructed by Mr. J. P. Hervey, 
which permitted alteration in the strength, frequency, and 
duration of the stimuli. A Harvard inductorium was 
also occasionally employed. The stimulating electrode 
consisted of a pad of cotton moistened with normal salt 
solution and the indifferent electrode was a large copper 
plate. 

(5) Static electricity generated by a Wimhurst machine 
of the type commonly used in the treatment of hysterical 
manifestations was employed in some experiments. 

Conduct of experiments on ourselves 

The subject sat with his arm extended on a table 
and took careful note of the variations in intensity and 
character of the pain produced in the flexor surface of 
the forearm by one of the methods mentioned above. A 
few minutes were allowed for the discomfort to become 
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Fig. 1. Effect of Counterirritation on Pain In- 
duced by Skin Irritants and by Subcutaneous 10 
Per Cent NaCl (Left and Right Columns, Respec- 
tively). 

Ordinate is the amount of pain, I representing the 
initial intensity, and O no pain. Abscissa time in 20- 
second intervals. The duration of counterirritation is 
indicated by the horizontal bar. The top row shows the 
result of the application of cold; the middle, of hot 
water in rubber bags. The lower row gives results 
obtained after electric shocks at a rate of 60 per second. 

constant before counterritation was applied. The original 
pain was arbitrarily graded at 100, and subsequent pain 
was assessed in percentage of the original. 

Our experience consisted of some 50 applications of 
painful stimuli and over 200 tests of various types of 
counterirritation. On three occasions the effect of coun- 
terirritation on spontaneous headache in one of the authors 
was studied. 

RESULTS 

Deductions drawn from experiments on the 

authors 

General pattern of the response. Irrespective 
of the type of painful stimulus, or of the counter- 
irritant, the effect of the latter on the sensation of 
pain had a characteristic pattern. On the appli- 
cation of a counterirritant the pain was decreased 
or abolished immediately, but it soon began to 
return slowly, and within a minute had regained 
its original intensity even though counterirritation 
had been continued. If the counterirritant was 
then removed, prompt relief of the pain followed 
again; this relief was also temporary and within 
a minute the pain came back to its original in- 


tensity. Figure 1 gives typical examples of this 
pattern. 

The pattern described above did not occur in- 
variably. Mild pains were often permanently re- 
lieved and did not recur during the counterirrita- 
tion ; the severest pains were not relieved at all. 
The typical pattern was generally found in pains 
of moderate severity ; in these temporary relief 
following the application of the counterirritant 
was the rule, but the relief following its removal 
occurred in only about three-fourths of the 
experiments. 

One other subjective phenomenon occurred so 
frequently that it deserves mention. Immediately 
following the application of counterirritation a 
sharp, but very transient, increase in pain fre- 
quently preceded the relief. A similar transient 
increase was often noted before the relief which 
followed removal of counterirritation. 

Relation betzveen intensity of count crirritation 
and the relief produced. This relation was tested 
with cold, heat, tactile, and electrical counterirrita- 
tion, and a general statement concerning the re- 
sults seems warranted. The most effective, in- 
tensity of counterirritation was slightly less than 
that which produced manifest discomfort when 
applied to normal skin. If counterirritation was 
too strong, a most disagreeable summation with 
the pain resulted ; if too weak, there was but little 
effect on the pain. 

With electrical counterirritation, the most ef- 
fective strength, just below that which summated 
with the pain, caused twitching of the adjacent 
muscles. The sensation thus produced was not 
disagreeable, but a slight increase in current 
strength made it so. 

The electric stimulus was applied as a series of 
single shocks, the frequency of which was varied 
between 1 and 300 per second. A slow frequency, 
such as one per second, was far less effective than 
more rapid rates and both subjects chose rates of 
50 to 60 per second as the most effective. At 
rates above this the individual stimuli could hardly 
be distinguished and relief was less marked. 

Cold stimuli were most effective when applied 
at a temperature of about 4 to 10° C. The ordi 
nary ice bag felt too cold and was not so effective 
as more moderate temperatures. 

The optimum temperature for heat counter 
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irritation approximated A0° C. ; this was effective 
in relieving the pain produced by subcutaneous 
injection of saline. But the pain produced by 
skin irritants, far from being relieved, was mark- 
edly intensified by all degrees of heat. This phe- 
nomenon has been described as characteristic of a 
stage of inflammation of the skin called by Sir 
Thomas Lewis (2) the " susceptible state,” and 
the condition of the skin after the application of 
irritants in our experiments seemed identical with 
that described by him. 

• Effect of countcrirritation at different positions 
relative to the site of the painful stimulus. Asi 
experience has already taught, the most effective 
position for counterirritation is over the site of 
the painful stimulus. However, when counter- 
irritation was applied to the arm 6 inches proximal 
to the painful area, along the course of the nerve 
supplying it, considerable relief was secured. 
When it was applied to the arm distal to that area, 
relief was clearly detectable, but the effect on the 
pain was less. A similar statement can be made 
concerning strong counterirritation applied at re- 
mote points, such as the back or the other arm; 
slight but definite relief of pain in the arm fol- 
lowed. But more important than the degree of 
relief, the pattern was found to be similar to that 
shown in Figure 1, in which the counterirritant 
was applied over the site of the painful stimulus. 

Relative effects of different kinds of count er- 
irritation. When counterirritants were applied 
over the painful area produced by an injection of 
10 per cent salt solution, both authors judged the 
relative effectiveness to be in the following de- 
scending order : cold, electric stimulation, heat, tac- 
tile stimulation, vibration, and the air jet. On 
the other hand, only cold gave effective relief 
from the pain caused by skin irritants. 

Interrupted counterirritation. Inasmuch as 
there is a temporary relief of pain following the 
application of a counterirritant, and again after its 
removal, we concluded that the most effective 
means for the relief of pain would be the periodic 
application and withdrawal of a stimulus at an ap- 
propriate frequency. With electrical stimulation, 
the bombardment was switched on and off by 
means of contacts on a rotating sector operated on 
a synchronous clock motor. With heat and with 
cold, water bottles were applied and removed by 



Fig. 2. Effect of Interrupted Counterirritation by 
Cold on Pain Induced by 10 Per Cent NaCl 
Time intervals 5 seconds with an interruption of 2 
minutes. Bars indicate periods of application of cold bag. 

the subject’s partner. A similar effect was 
achieved by a lamp or a fan operated by a time 
switch. Figure 2 shows the sensory effects of 
such periodic stimulation. 

There was no doubt in the authors’ minds that 
by means of interrupted counterirritation far 
greater relief of pain could be attained than by a 
continuous application of counterirritation. In- 
deed in some cases severe discomfort could be re- 
lieved completely and continuously by a rhythm 
that approximated 5 seconds “ on ” and 10 sec- 
onds “ off.” In other instances, the relief could 
not be made complete, but the average level of 
pain was always markedly lowered by this method. 

Analysis of certain factor's concerned in 
counterirritation 

A. Experiments on ourselves . When heat and 
cold are used for counterirritation, both stimula- 
tion of sensory nerve endings and changes in the 
caliber of adjacent blood vessels follow. We 
therefore designed experiments to ascertain 
whether the relief obtained was dependent on one 
or both of these factors. 

In preliminary experiments, the effect of ob- 
structing the circulation by an inflated cuff was 
studied. Figure 3 shows typical results. In- 
flation of the cuff to a pressure a little over the 
systolic promptly exaggerated the pain of skin 
irritation, and first diminished and then increased 
that from 10 per cent NaCl. Release of the cuff 
quickly decreased both types of pain. Venous ob- 
struction produced much less effect. Inflation of 
the cuff to 30 mm. slowly augmented pain from 
capsicum and there was further increase on re- 
lease. The same procedure had little effect on 
NaCl pain. These characteristic effects of circu- 
latory obstruction (Figure 3) were not changed 
by immersion of the arm in hot (45° C.) or cold 
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Fig. 3. Effect of Total Obstruction and Release 
of the Circulation on Pains from Skin Irritants 
and 10 Per Cent NaCl. 


Effect of venous congestion by a cuff inflated to 30 
mm. Hg. Obstruction of circulation indicated by bars. 
Time, 20 seconds. 

(5° C.) baths during the experiments, so they 
were not dependent on temperature changes sec- 
ondary to circulatory alteration. 

If, after first inducing pain, the cuff was main- 
tained at a pressure a little over the systolic for 5 
minutes or longer, a plateau of painful sensation 
was secured which made tests of counterirritation 
possible. Under these conditions it was evident 
that heat, cold, and electrical stimulation had their 
usual effects on pain in spite of complete obstruc- 
tion of the circulation. Venous congestion like- 
wise caused no alteration of these effects. 

In other experiments we induced pain by skin 
irritants and by 10 per cent NaCl in regions in 
which maximal vasodilatation had previously been 
induced by histamine or mecholyl iontophoresis, 
or by immersion of the arm in water at 45° C. 
for 20 minutes. We also produced pain in areas 
of vasoconstriction caused by adrenalin iontopho- 
resis. Under all these conditions heat and cold 
produced their characteristic effects on the pain. 
We therefore concluded that the immediate action 
of these counterirritants in relieving pain was not 
dependent on any change in the circulation that 
they might produce. 

In five experiments we measured skin tempera- 
ture when applying heat and cold to either type of 
pain. In pain following 10 per cent NaCl the skin 
temperature bore no relation to the fluctuations in 
the pain when counterirritants were applied. In 


the case of pain from capsicum the relation was 
closer, for heat increased it and cold decreased it. 
There were, however, temporary decreases in pain 
on removal of both heat and cold which had no 
counterpart on the skin temperature record. 

B. Annual experiments. Our data indicated 
that part of the relief of counterirritation might 
be accomplished by an effect on the peripheral sen- 
sory nerves or their endings. Therefore, we 
turned to animal experiments in order to obtain 
records of action potentials of sensory nerves 
while we repeated on the animals the experiments 
which we had done on ourselves. In this way we 
sought to determine whether there was a periph- 
eral basis for the sensations we had experienced 
in analogous experiments. It was not, however, 
possible to repeat the exact technique of all the 
human experiments in the animal preparations. 
The application of rubber bags containing hot or 
cold water set up tactile impulses which confused 
or obscured the response in the discharging pain 
fibers. In the case of heat the difficulty was over- 
come by using a radiant source. 

With the assistance of Professor D. W. Bronk 
we experimented on a number of cats anesthetized 
with nembutal. Some hundreds of experiments 
were run on ten preparations. Cutaneous nerve 
twigs were freed and placed on electrodes leading 
to a suitable amplifier. Photographic records 
were made by means of a Matthews oscillograph. 
An area of skin on one limb was shaved and, 
after control records of the effects of counterirri- 
tants had been made, the shaved skin was rubbed 
with our irritant, capsolin ointment. This brought 
about a steady discharge of nerve impulses of high 
frequency. After this discharge had been estab- 
lished, the application to the treated skin of radiant 
heat of a degree insufficient to initiate a discharge 
from normal skin caused further exaggeration of 
the discharge (Figure 4c). In contrast to this, 
the application of cold by ice bags to the skin de- 
creased or abolished the discharge (Figure 4 b). 
Obstruction of the artery to the limb resulted in 
an increase in the discharge and on release this 
either diminished below the initial level or disap- 
peared altogether for a few seconds (Figure 4c). 

These responses in the cutaneous nerves fob 
lowed in a general way the changes which would 
be expected if these nerve impulses caused the 
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modification of sensation which we observed under 
similar conditions in ourselves. For this reason 
it appears likely that the records we obtained were 
impulses from pain receptors. While we made 
no detailed analysis of the conduction velocities, 
the fibers were of the rapidly conducting type 
similar to those observed by Heinbecker and 
Bishop and others (3) to be responsible for pain. 

The alterations in the sensory discharge in the 
animal preparations and in the sensations experi- 
enced by ourselves in similar experiments were 
comparable in a general way but not in all details. 
In the case of circulatory obstruction the paral- 
lelism was quite clear. It was also apparent in 
the case of the application of heat and cold, inas- 
much as heat increased the peripheral discharge 
and cold diminished it. We did not, however, ob- 
serve a temporary reduction in the sensory dis- 
charge on removal of the heat or cold, as one 
might have expected from the changes in sensation 
in similar experiments. For these temporary fluc- 
tuations in sensation some basis other than an 
altered peripheral sensory discharge must be 
sought. 


Clinical experience 


It is not to be expected that all the different 
types of pain encountered in the clinic will fall 
into the same pattern and be relieved by the same 
methods which have been successful in relieving 
the pain induced in our experiments. When ex- 
perimenting on ourselves we worked with pains 
originating from a site at which counterirritation 
could be applied. In patients counterirritation 
must often be made at regions remote from the 
site of origin of the pain. Furthermore, we have 
demonstrated that some forms of counterirritation 
relieve one type of pain and increase another. In 
spite of these obstacles, our experience has given 
us a new point of view concerning relief of pain 0 
by counterirritation. We know well the gre^ ur 


— Dry de- 

Fig. 4. Record or Impulses in Cutaneous Ne£ £ or 

Cats e r . 

. . r , , . , , .ef of pain 

The nerves led from an area of skm treated I 

ointment a; the top is a control; mid I in rimporaiy 
radiant heat; lower, after removal of heapws the appli- 
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control; middle line, during occlusion of $ome centra i 
the part; lower line, on release of circulat _____ 
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difference made by variations in the strength and 
mode of application of the counterirritant. So, 
using our experience as a starting point, we pro- 
ceeded on the basis of trial and error, giving our 
patients the opportunity to decide what type of 
counterirritation was most effective in relieving 
them. 

Common experience has shown the value of 
repetitive counterirritation in the relief of pain; 
when discomfort occurs one rubs or scratches re- 
peatedly. But when physicians have prescribed 
counterirritants the stimulus has been constant. 
Constant counterirritation is certainly easier to 
apply, but our results indicate that it is far less 
effective than periodic counterirritation. 

With the assistance of Mr. A. J. Rawson ap- 
paratus was constructed to permit the periodic 
application of heat and, indirectly, of cold. An 
electrical heating unit and a small fan were 
mounted on adjustable arms attached to a table on 
wheels. A simple adjustable commutator con- 
trols the current, permitting the intermittent ap- 
plication of heat, or of a cooling breeze, or of both 
alternately. This device has been used in the 
wards for 2 years, tests being made on over 20 
patients with moderate or severe pain. 

In addition, 60 cases with pain were tested with 
various other forms of constant and interrupted 
counterirritation. All were offered heat and cold ; 
a smaller number were tested with counterirrita- 
tion by repeated electrical stimulations and also 
by a Wimhurst static electrical machine. Tactile 
counterirritation was used in some cases as well. 

The results must be stated with the greatest re- 
serve, for the difficulty of conducting an investi- 
gation into the sensations of persons often emo- 
tionally upset by their troubles will be apparent 
to all clinicians. 

■ When rhythmic counterirritation was applied 
by the machine we let the patients choose the de- 
I vee and duration of heat and cold which most 
We tively relieved them. The great majority pre- 
of the. j iea £ alternating with the cold, or inter- 
dependei | ieat w jthout the cold. The intervals 
they migh _ ere g enera Uy about 40 seconds of heat 

In five e; onds wjthout 

ture when a l yer y patient was relieved somewhat 
pain. In par j oud Jn t j iei - r praises of the treat- 
temperature muc j 1 0 £ this was due to the pres- 
the pain w er Tiac ^j nej t i ie extra attentions from 


the staff, and the solicitude of the authors is very 
hard to say. 

When the various other forms of counterirrita- 
tion were offered to the larger group of 60 cases, 
about 90 per cent obtained some degree of relief. 
The agent causing maximum relief varied in the 
different cases, and we obtained some evidence 
that the choice depended on differences in the ori- 
gin of the pain. 

Thus in a group of 13 cases, pain was relieved 
by heat and increased by cold. In three-fourths 
of these cases the cause of the pain was peripheral 
nerve or root irritation : in 4 cases a mass lesion 
compressed nerves ; in 3 cases there was peripheral 
neuritis ; in 2 cases, herpes zoster. 

In a contrasting group the pain was exaggerated 
by heat and relieved by cold. This group con- 
tained cases of Buerger’s disease and superficial 
burns. The results are analogous to those secured 
by Lewis and Hess (2). In other cases both heat 
and cold were equally effective. 

The patients always preferred heat or cold to 
electrical or tactile counterirritation. 

In spite of the difficulties in judging, we have 
the impression that our new methods of applying 
counterirritation, which depend upon a rational 
choice of the type of stimulus and its periodic 
application, are far more effective than our former 
haphazard practice of ordering either a hot water 
bottle or an ice bag indiscriminately. We still 
have much to learn and the possibilities have 
hardly been touched. 

We have not been able to ascertain how static 
electricity secured its reputation as aiding in the 
diagnosis of hysterical pain. Perhaps its success 
in the suggestive treatment of hysterical paralyses, 
etc., led to the expectation that relief following its 
application was evidence of the hysterical origin 
of pain. In any event, the belief is erroneous. 
Static electricity is an effective form of counter- 
irritation. It will relieve pains experimentally 
induced and spontaneous pain undoubtedly organic 
in origin, as well as hysterical pain. 

It should perhaps be pointed out that the results 
herein described apply to the immediate effects of 
counterirritation on pain. We have made no 
experimental tests on pain of long duration nor 
of the long-time effects of counterirritants on 
chronic pain. Undoubtedly, other factors enter 
into these cases. 
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DISCUSSION 

In seeking an explanation for the differing ef- 
fects of countcri rritation upon pain from salt and 
from capsicum, it is necessary to consider the 
differences in origin of the pains. Capsolin causes 
pain by stimulating superficial cutaneous endings; 
sodium chloride, by stimulating nerve fibers as 
well as nerve endings lying deeper in the sub- 
cutaneous tissue. Furthermore, capsolin is ap- 
plied to a large area of skin, while NaCI is 
injected into a small area, thereby making a spatial 
difference in the fibers and endings stimulated. 

Since the capsolin-activated skin endings are 
quite superficial, their temperature can be rapidly 
altered by surface applications, and it is therefore 
not surprising that the capsolin pain is easily af- 
fected by local temperature shifts. Since the 
irritability of nervous tissue varies in the same 
direction as temperature change (4, 5), heat and 
cold applied over skin treated by capsolin increase 
or decrease the peripheral sensory discharge , as 
we found by direct observation, and thus increase 
or decrease pain. 

On the other hand, surface applications could 
not readily alter the temperature of the deeper- 
lying nerves which are stimulated by subcutaneous 
NaCh Consequently, it would be unlikely that 
sensation would fluctuate in direct relation to sur- 
face temperature. We indeed found no corre- 
lation between pain and skin temperature. Both 
heat and cold temporarily decrease NaCI pain. 
We must therefore look for some explanation 
other than an altered peripheral sensory discharge 
secondary to temperature change to account for 
these shifts in sensation in the case of NaCI pain. 

Nor does a change in the peripheral discharge 
account for the temporary decrease in capsolin 
pain on removal of the heat or cold, for we found 
no modification at this time in the records of 
the nerve impulses. 

We are thus led to consider the possibility that 
counterirritation may act by altering some central 
mechanism. Such a theory is not new; Cushny 
(6) suggested, on the basis of Head and Mc- 
Kenzie’s data, that counterirritants act centrally. 
Several of our observations strengthen this possi- 
bility. Thus, while it is well known that the most 
effective site of counterirritation is over the pain- 
ful area, nevertheless counterirritation applied 


elsewhere is by no means ineffectual. Further- 
more, we also found the typical pattern of relief 
on application and removal of the counterirritant, 
whether it was applied over the painful area or 
at some distant site unrelated in peripheral nerve 
supply. 

A possible basis for a central sensory depres- 
sion or inhibition is provided in recent experi- 
ments of Bronk (7). When a nerve cell which 
is stimulated chemically has its activity increased 
for a short time by electrical stimulation, there 
follows a period of diminished irritability during 
which the cell responds to the same chemical stimu- 
lus, either at a lower frequency or not at all. 

If such a mechanism operates within the central 
nervous system it would explain our observation 
of the relief of pain on stopping counterirritation. 
The duration of the relief is of the same order of 
magnitude as Bronk's post-stimulatory depression, 
that is, a few seconds. It would account also for 
the fact that to obtain maximum relief the counter- 
irritant must be of an intensity near that which 
augments pain, and therefore would explain the 
frequent increase in pain which we observed just 
preceding relief. For, as we saw above, to obtain 
Bronk’s post-stimulatory inhibition, the activity 
of the nerve cells must be temporarily increased, 
and therefore the pain should be temporarily ex- 
aggerated. Finally, the identical effects of coun- 
terirritants which stimulate different types of spe- 
cific skin endings — temperature, tactile, etc. — 
could be explained, provided the various fibers 
converged somewhere upon the cells activated by 
the painful stimulus. There is such a convergence 
within the optic thalamus, and thus it is possible 
that central depression could take place at this 
level. 

To summarize: We can account for the effect 
of cold in relieving capsolin pain on the basis of a 
decreased peripheral sensory discharge due to 
lowering the temperature of pain endings. Our 
evidence suggests a central, post-stimulatoiy de- 
pression of the type described by Bronk for pe- 
ripheral structures to explain the relief of pain 
on stopping counterirritation. The temporary re- 
lief of pain, which immediately follows the appli- 
cation of the counterirritant, is also due to a de- 
pression of sensation by alteration of some central 
mechanism, for a similar temporary relief occurs 
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(19) was followed for the gonadotropin. The urine was 
acidified with glacial acetic acid to the turning point of 
brom-cresol-green pH 3.8 to 5.4. Twelve to fourteen 
grams of tannic acid as a 20 per cent solution were then 
added and the precipitate was allowed to settle for half 
an hour in the ice chest. The precipitate was then col- 
lected by centrifugation, saving the supernatant, carefully 
washed with 95 per cent alcohol, three times with 80 
per cent alcohol, left overnight in 95 per cent alcohol 
and then dried with acetone and ether. The washings 
were pooled to be treated as described below. The dried 
precipitate was extracted three times with slightly alka- 
line water, then neutralized and brought to a volume of 
24 cc. per forty-eight hours 1 collection immediately before 
the assay. The dried tannate powder is stable for long 
periods without deterioration but the solution deteriorates 
slowly. 

The pooled alcohol, acetone and ether washings of the 
tannic acid precipitate were combined with the chloroform 
preservative of the original urine. The volatile solvents 
were then removed over a water bath temperature of 
90 to 100° C. under negative pressure. The watery frac- 
tion was added to the supernatant from the original tan- 
nic acid precipitate. This mixture was acidified with 
concentrated HC1 (about 12N) to pH 1 to 2, the turning 
point of orange IV, and 3.3 cc. concentrated HC1 per 
100 cc. original urine were added to insure excess acid 
(22). The whole was boiled under a reflux condenser 
for half an hour, a time insuring maximum recovery of 
both estrogen and androgen (23, 24, 25). Acid hydroly- 
sis split the combined estrogen and androgen, a necessary 
step before assay could be conducted. 2 The substance 
thus freed and the small fraction of the hormones in 
the urine not combined originally are soluble in ether. 
Accordingly, the hydrolysate was then cooled and ex- 
tracted with ether in a four liter pyrex separatory funnel, 
using 200 cc. ether per liter of original urine for the first 
extraction, then three times more with 100 cc. per liter, 
rinsing with the ether the flask in which the urine was 
hydrolyzed. No emulsion formed during any of the ex- 
tractions with the ether. The pooled ether extracts were 
then washed three times with 30 cc. H^O each per liter 
of original urine. 

The estrogenic fraction was then separated from the 
androgenic fraction by extracting the ether three times 
with 100 cc. each of 1 n NaOH per liter of original 
urine. The remaining ether, containing the androgen, 
was washed three times with water as before, and the 
washings were added to the NaOH extract containing 
the estrogen. The NaOH fraction was acidified to pH 
4.5 to 5, the turning point of Congo red, with concentrated 
HC1, and extracted immediately three times with 100 cc. 
of ether per liter of original urine each time. The ether, 
now containing the estrogen, was washed three times 
with water as above. The ether fractions of estrogen 

2 Talbot, J. Biol. Chem., 1940, 136, 365, states that 
hydrolysis destroys 30 per cent of dehydroisoandrosterone. 
This compound is a small fraction of the normal keto- 

steroids. These are not similarly affected. 


and androgen were placed in the ice box overnight to 
allow the water to drain from the walls of the separatory 
funnel, and the water was then removed. The androgenic 
ether fraction was evaporated to dryness under negative 
pressure on the water bath and the residue redissolved 
in 10 cc. of absolute alcohol per twenty-four hours of 
original collection when ready for assay. This fraction 
permitted colorimetric or biologic assay to be done. The 
estrogenic ether fraction was evaporated to a small vol- 
ume, transferred to a small Erlenmeyer flask, extracted 
with half the desired volume of corn oil (Mazola), and 
the ether removed by heating over a water bath. The 
tarry residue was redissolved in a small volume of ether 
and re-extracted with oil and the ether removed as before. 
The oils were combined, a total of 12 cc. of oil being 
used per forty-eight hours* collection. 

Assay . All assays have been conducted on six to 
eighteen animals, twelve being used for most of the 
specimens. Hypophyseal gonadotropin was assayed by 
the mouse uterine weight method of Levin and Tyndale 
(20), three mice per dose level being used. Unit levels 
of 5, 10, 20, 27, 40, 60 and 78 units per twenty-four hours 
were tested for, as necessary. A uterine weight of 11.0 
mgm. or over in two of the three mice was considered 
positive if the next higher unit level was negative and 
the next lower unit level positive. No serious discrepan- 
cies have been noted between responses at these different 
dose levels. Toxicity of the extract was high at the time 
of the menses. Reprecipitation in acetone at this time 
generally permitted assay of 5 units per twenty-four 
hours in those instances where the animals were killed 
by the original extract Ten units could practically al- 
ways be assayed without reprecipitation. 

Estrogen was assayed by the Kahnt-Doisy (4) proce- 
dure, using the castrated rat vaginal smear. The method 
was followed in exact detail. Three rats per dose level 
were used as above for the gonadotropic assay and the 
same unit levels tested. The rats have been repeatedly 
tested for sensitivity to crystalline estrone. 3 One rat unit 
has been found to be equivalent to 0.7 to 0.8 gamma of 
crystalline estrone. 

Androgen, or 17-keto-steroid, as it will hereafter be 
referred to in this paper, was determined by the colon- 
metric reaction of Zimmermann (16), as detailed by 
Callow and Callow (26), except that aqueous KOH 2.45 
N was substituted for alcoholic KOH (27). Every run 
was controlled by concurrent determinations on 5, 10, 15 
and 20 mgm. of crystalline androsterone. 3 This was 
necessitated by the range of color produced in various 
tests for a given dose of standard material, probably 
caused by slight variation in the reagents. Since the 
mother liquor from the urine was colored, a blank of 
this solution was run as for the test but alcohol was 
substituted for m-dinitrobenzene. The value then ob- 
tained was subtracted from the total value with m- 

3 The author is indebted to Dr. Edward Henderson of 
the Schering Corporation, Bloomfield, N. J., for the gen- 
erous supply of estrone and androsterone which was 
used. 
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Fie. 1. Forty-eigiit-hour Excretion of 17-keto-steroid, Estrogen, and Gonadotropin in Relation to the Men 
strual Cycle, Including Three Single Cycles at Intervals Throughout the Year. Subject N. C. 
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Fig 2 Forty-eight- hour Excretion of 17-keto-steroid, Estrogen, and Gonadotropin 
in Relation to the Menstrual Cycle, Including Pregnanediol Glucuronidate Excre- 
tion in the Mid-period of an Additional C\cle. Subject Is. M. 
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Fig. 3. Forty-eight-hour Excretion of 17-keto-steroid, Estrogen, and Gonadotropin in Relation to 
the Menstrual Cycle, with an Additional Mid-cycle Illustrating Failure of Pregnanediol Glu- 

CURONIDATB TO BE EXCRETED BY TWENTIETH DAY IN A THIRTY-SIX-DAY CYCLE. SUBJECT N. B. 



Fig. 4. Forty-eight-hour Excretion of 17-keto-steroid, Estrogen, and 
Gonadotropin in Relation to the Menstrual Cycle, and Illustrating 
Failure of Pregnanediol to be Excreted Throughout Entire Last Cycle. 
Subject N. E. 
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M K- $ 39 

Fig. 5. Forty-eight-hour Excretion of 17 -keto-steroid, Estrogen, and Gonadotropin in 
Relation to the Menstrual Cycle, and Illustrating Failure of Peaks of Gonadotropin 
and Estrogen to be Demonstrated in Last Menstrual Cycle, and Showing Appearance 
of Pregnanediol Glucuronidate in the Absence of These Peaks. Subject N. K. 


■dinitrobenzene. A reagent blank was also run. Colori- 
metric determinations were read on a neutral wedge 
photometer (American Instrument Company), using two 
0.999 inch cells, one containing the blank in one beam 
and the solution to be read in the other. Readings were 
taken with a filter having a centrum at 510 millimicra. 
Values for the 17-keto- steroid content of the unknown 
are expressed in mgm. equivalents of androsterone per 
twenty-four hours. 

Animals. A colony of mice and rats was maintained 
solely for the assays. The mice were of the IClasek or 
Swiss strain. Rats were the Long-Evans strain. The 
mice were fed on a standard mouse biscuit, with water 
vd lib . The rats were given a standard diet, McCollum 
mixture number 1 with water ad lib. and lettuce supple- 
ments. Weaning weight for the mice was 8 to 13 grams 
2t twenty-two days, averaging 10 to 11 grams. Onl> 
twenty-two to twenty-three-day old mice were used. The 
rats were castrated at four months of age and teste 
for responsitivity according to the method of Kahnt an 
Doisy. 


Extracts. Tannate and estrogenic extracts were as- 
sayed immediately after preparation in almost every in- 
stance. The androgens were kept dry in stoppered flasks 
for one to two weeks, and then dissolved in alcohol on 
the day of the determination. All extracts were kept in 
the ice box when not being used. 

EXPERIMENTAL 

The urine which was assayed was collected from 
five healthy, normal women with regular menstrual 
cycles. The subjects carried on their daily routine 
during the course of the experiment. Their ages 
were: twenty-three, twenty-four (2 subjects), 
thirty-one and thirty-nine. Onset of menses oc- 
curred at ten and one-half to thirteen years of age. 
There were no menstrual abnormalities beyond 
slight dysmenorrhea the first day of bleeding. 
Menses were moderate in flow except for the first 
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two days of N. M.’s cycle when the flow was pro- 
fuse. The patients were healthy throughout the 
study. Subjects N. K. and N. B. were married. 

The output of hormones for each of the five 
subjects (N. C., N. M., N. B., N. E., and N. K.) 
is shown in Figures 1 to 5. The general pat- 
tern of all cycles except the last one of N. K. is 
similar in that there is a more or less constant 17- 
keto-steroid excretion, a central peak of gonado- 
tropic and estrogen excretion, followed by a sec- 
ond peak of estrogen output. However, the pat- 
tern is not exactly reduplicated from cycle to cycle 
in the same individual or from subject to subject. 
The relationship between the peaks of estrogen 
and gonadotropin is not constant (Table I). The 
initial estrogen peak may precede, occur with, or 
come later than the gonadotropin peak. The time 
in the cycle that both these peaks occur is also 
variable, as is the actual length of the menstrual 
cycles. The peaks, however, tend to occur later 
or earlier as the cycle is longer or shorter (N. M., 
N. B., N. K.). The 17-keto-steroid level (Table 
II) fluctuates from day to day within relatively 
narrow limits for the individual, but varies be- 
tween subjects. 

TABLE I 


The days of occurrence in the menstrual cycle of the peaks 
of gonadotropin and estrogen excretion and of first appearance 
of pregnaneaiol glucuronidate 


Subject 

Num- 

ber 

of 

Dura- 

tion 

of 

Peak of 
gonadotro- 

Peak of ; 
estrogen 

First appearance 
of pregnanediol 


cycle 

cycle 




N.C. 

1 

27 

11 & 12 

17 & 18 



2 

26 

12 & 13 

18 & 19 



3 

27 

12 & 13 

10 & 11 

No determinations 


4 

27 

13 & 14 

11 & 12 



5 

29 

13 & 14 

11-14 



6 

27 

13 & 14 

9-12 


N.M. 

1 

29 

15 & 16 

15 & 16 



2 

29 

16& 17 

14 & 15 



3 

30 

17 & 18 

15 & 16 



4 

32 

15 & 16 

13 & 14 

18 & 19 

N.B. 

1 

32 

16 & 17 

14 & 15 



2 

31 

14 & 15 

14 & 15 



3 

31 

11 & 12 

11 & 12 



4 

36 

14 & 15 
20 & 21? 

14 & 15? 

None 

N.E. 

1 

25 

15 & 16 

13 & 14 



2 

26 

18 & 19 

16& 17 



3 

28 

16& 17 

16& 17 

None 

N.K. 

1 

28 

11 & 12 

7 & 8 



2 

25 

1 & 2 
10& 11 

10 & 11 

12 & 13 


3 

27 

None 

None 

17 & 18 


TABLE II 

Range of normal values for the excretion of androgen 
as 17-kclo-slcroid, estrogen and g07tadolropin, excluding a 
few extreme values 


Subject 

Androgen 

17-kcto-stcroid 

Estrogen 

Gonado- 
, tropin 

N.C. 

Average 

W£w. per £4 hours 

5.4-12.5 

10.0 

rat units 
per £ 4 
hours 

<5-50 

mouse 
units per 
£4 hours 

<5-40 

N.M. 

Average 

10.6-19.6 

15.0 

<5-30 

<5-78 

N.B. 

Average 

7.4-14.6 

10.5 

<5-40 

<5-78 

N.E. 

Average 

8.9-18.9 

14.0 

<5-30 

<5-60 

N.K. 

Average 

5.7-14.7 

11.0 

<5-20 

<5-30 

Range for 
series 

5.4-19.6 

<5-50 

<5-78 


Gonadotropin. Contrary to previous work, 
gonadotropin was demonstrable throughout the 
cycles of all but one subject (N. C.). In this 
latter, less than 5 mouse units per twenty-four 
hours of gonadotropin were excreted, except dur- 
ing the middle of the cycle from the ninth to 
about the sixteenth day. The relatively constant 
amounts of gonadotropin throughout the cycles of 
the other subjects were also replaced by a sharp 
rise in output about the middle of the cycle. This 
peak of gonadotropin output reached its maximum 
at various times in the cycle, however, even in the 
same individual, varying from the tenth to the 
eighteenth day of the cycle in the series, or as 
with N. B., from the eleventh to possibly the 
twentieth day when the mensis was delayed. The 
height of the peak varied from 15 to 80 mouse 
units per twenty-four hours but, except for N. K. s 
last cycle, it was relatively constant for the indi- 
vidual. The peak of gonadotropin was some- 
times preceded by a lesser peak. Thus, in one 
cycle each of subjects N. M. and N. B. there 
was a preliminary rise in gonadotropin output to 
60 units. This preliminary peak was not associ- 
ated with a corresponding estrogen peak, but was 
followed later by a sharper gonadotropin rise as- 
sociated with a peak of estrogen. Gonadotropin 
may be present in large amounts during menstrual 
bleeding (N. M., N. B., N. K.). There is. a 
range in excretion of gonadotropin for this series 
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of from less than 5 mouse units to 78 mouse units 
per twenty-four hours. This broad range has 
been found in a single individuals output, depend- 
ing on the time of the cycle. 

Estrogen . Estrogen values represent the total 
of free and combined estrogen. No attempt has 
been made to separate the various estrogens as 
reported by Smith, Smith and Pincus (28). The 
double peak of excretion described by Gustavson 
ct at. (29) was generally found in this series. 
However, the contour of the excretion pattern 
varied considerably, a double peak being absent 
(N. C., N. K.) or hard to differentiate (N. C.). 
Estrogen was present throughout the cycle except 
about the time of menstrual bleeding, though its 
disappearance has no constant relation to the time 
of onset of bleeding (N. C., etc.). Values of 
excretion varied considerably from cycle to cycle. 
Thus, less than 5 rat units per twenty-four hours 
were found for forty-eight hours at one point 
during the menses, although rarely for a longer 
time (N. B.). At other times, values from 5 rat 
units to 50 rat units per twenty-four hours have 
been found depending on the time of the cycle. 
There seems to be a tendency to a slow rise and 
fall in the amount of hormone excreted after and 
before the menses, with a spurt in excretion dur- 
ing the mid-cycle (N. C., etc.) and again after a 
week or so. The point at which these peaks of 
estrogen occur is quite variable. The time of 
appearance of the first peak of excretion may vary 
from cycle to cycle in a given individual — for ex- 
ample, from day 9 to day 18 in N. C. or from 
day 7 to day 18 in the series. The height of the 
peak, too, may vary from 20 to 50 rat units per 
twenty-four hours. 

Androgen or 17-keto-steroid. The androgen 
excretion as determined colorimetrically is really 
a measure of 17-keto -steroid excretion (26). The 
he tonic fraction was not separated from the non- 
hetonic fraction (30) in this study. The error 
resulting is probably not significant in normal 
u nne. It should be mentioned that the introduc- 
tion of Aq. KOH instead of alcoholic KOH may 
e responsible for altered reactivity of the various 
eto-steroids, although the total values obtained 
or this series compare favorably with those ob- 
temed with alcoholic KOH. 

A fairly constant mean level of 17-keto-steroid 
excretion for a given individual throughout the 


cycle was found. There was a day-to-day range 
of plus or minus 5 mgm., with an occasional 
more extreme value. The level of output varied 
from subject to subject but did not seem to show 
seasonal variation (N. C.). Normal values of 
excretion ranged from 5.4 to 19.6 mgm. if a few 
extremes were excluded. 

Prcgnancdiol. Through the courtesy of Dr. 
E. T. Engle pregnanediol determinations were 
made during the cycles of all but N. C. (Table I) 
according to the method of Venning and Browne 
( 18) . In the case of N. M. and the first cycle of 
N. K. pregnanediol was present forty-eight to 
seventy-two hours after the peaks of estrogen and 
gonadotropic excretion. This is harmonious with 
the reports of Venning and Browne (18) that 
pregnanediol appeared shortly after the one point 
in the cycle at which they were able to demon- 
strate gonadotropin. However, in this series, no 
pregnanediol was demonstrable throughout the en- 
tire last cycle of N. E. and up to the nineteenth 
day in the last cycle of N. B. It should be men- 
tioned, though, that the mensis was unusually 
late in appearing in this latter cycle. Pregnanediol 
appeared without an associated peak of gonado- 
tropin or estrogen in the third cycle of N. K. 

DISCUSSION 

Data have been obtained concerning the quan- 
titative excretion of gonadotropin, estrogen and 
17-keto-steroid through eighteen cycles in five 
medically normal women. Except in one subject, 
these hormones were found throughout the entire 
menstrual cycle. There is, however, a cyclic in- 
fluence on the excretion of gonadotropin and es- 
trogen. A sudden peak of excretion of both 
hormones was generally found near the mid- 
interval with a reduplication of the estrogen peak 
later in the cycle. The 17-keto-steroid output, 
on the other hand, varied from day to day but 
showed no cyclic change. This relative constancy 
of output of 17-keto-steroid both for the indi- 
vidual and between individuals makes it possible 
to define the limits of normal excretion. Outside 
this range abnormality would be suspected. 

The variation in pattern of excretion of gonado- 
tropin and estrogen in different cycles makes the 
determination of the range of normality much 
more difficult. Thus the excretion curves of the 
subject N. K. are extremely variable, the last 
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cycle showing no peaks at the mid-interval. Had 
this cycle been assayed in a patient with some 
abnormality, this cycle might well have been inter- 
preted as the result of a pathological state. The 
relatively normal contour of the remaining cycles, 
however, suggests the error of such an interpre- 
tation, although the possibility exists that there 
was some temporary abnormality. If the assay 
of the urinary output of an entire menstrual cycle 
may be inadequate, the significance of single 
twenty-four- or forty-eight-hour specimens is even 
more open to question. Single assays for estrogen 
and gonadotropin, as seen from this study, would 
be indicative of abnormality only if extremely 
high values were found, such as are found after 
castration and the menopause in the case of the 
gonadotropin. Very low values of less than 5 
units per twenty-four hours may be significant 
also although, as seen in the case of subject N. C., 
extremely low values may be meaningless if found 
in only one specimen. However, the repeated find- 
ing of very low values, at weekly intervals for 
example, would have significance in view of the 
normally cyclic character of excretion. 

The appearance of peaks of excretion of es- 
trogen and gonadotropin near the middle of the 
menstrual cycle raises the speculation as to whether 
these peaks are related to ovulation. Kurzrok 
(31), using a less sensitive method of assay, ob- 
tained a positive reaction for gonadotropin only 
for one day in the cycle and interpreted this as 
indicating ovulation. Venning and Browne later 
pointed out that pregnanediol appeared shortly 
after this peak, indicating an association with 
corpus luteum formation. D’Amour (32) found 
several days in the cycle on which gonadotropin 
was present and so postulated several ovulations 
in a cycle. 

The present study reveals that gonadotropin and 
estrogen are generally excreted throughout the 
cycle but that there is only one definite and asso- 
ciated peak of excretion of both hormones near 
the middle of the cycle. This peak is undoubtedly 
the point at which the gonadotropin was found in 
the earlier studies. The gonadotropin peak may 
be reduplicated (subjects N. M. and N. B.) but 
there is still only one time in the cycle when the 
gonadotropin peak is associated with the estrogen 
peak, a point also noted in the cycles recently 
reported by Von Haam and Rothermich (33). 


This persistent relation at about the middle third 
of the cycle suggests that the phenomenon is as- 
sociated with ovulation and, if so, indicates that 
there has been only one ovulation per cycle in 
these subjects. Further support for this view is 
seen in the appearance of pregnanediol shortly 
after this point in each of two subjects (N. M. 
and N. IC.), revealing that a functional corpus 
luteum was formed about this time and implying 
that ovulation probably occurred as well. On the 
other hand, corpus luteum formation may be 
shown by the appearance of pregnanediol in the 
absence of the gonadotropin-estrogen peaks (last 
cycle of N. K.) and the latter peaks may occur 
without the subsequent excretion of pregnanediol 
(last cycle of N. E.). Thus the relation of the 
peaks of gonadotropin-estrogen excretion to ovu- 
lation remains presumptive pending further study. 

The almost constant occurrence of the peaks of 
estrogen and gonadotropin output suggests a rela- 
tionship between the two. However, the estrogen 
peak may appear before, with, or after the gonado- 
tropin peak, and the shifting time relations in- 
volved make it difficult to explain either peak as 
the result of the other, as advanced by D’Amour 
(34) . It would appear, rather, that the peaks may 
reflect two concurrent rhythms. One rhythm is 
the development of the ovarian follicle, reflected 
by the estrogen excretion, which takes place in 
the presence of the relatively constant output of 
hypophyseal gonadotropin that is found during 
the first part of the cycle preceding the peak of 
gonadotropin excretion. The other rhythm is the 
independent, though somehow related, one occur- 
ring in the anterior hypophysis. This results in 
a sudden release of an excess of gonadotropin at 
some time during the middle third of the cycle. 
As stated above, the association between the go- 
nadotropin-estrogen peaks and the occurrence of 
ovulation has not been established. However, if 
this relationship should be demonstrated, it would 
appear likely that the gonadotropin peak results 
in ovulation if the gonadotropin spurt occurs at 
a time when the ovarian follicle has reached ma- 
turity, and does not produce ovulation if the 
follicle has not yet matured. Evidence for this 
supposition is found in the cycles of N. M. and 
N. B. in which early gonadotropin peaks, occur- 
ring before the estrogen peak, were reduplicated 
later at the time of the rise in estrogen excretion. 
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The mechanism coordinating the two rhythms is 
not clear. 

There is one possibility which must be consid- 
ered in interpreting any peak of hormonal output 
in the urine — the possibility of a temporary change 
in renal permeability which would permit excess 
excretion of the hormones. In this instance, the 
peak would be only an apparent one and not a 
true reflection of the rate of secretion of the 
hormones. Frank (35) found no evidence for 
such a change in permeability. Also, under such 
circumstances, one would expect the androgen 
output to rise cyclically in the same specimens in 
which the titer of gonadotropin and estrogen is 
rising. 

The author is indebted to Dr. Philip E. Smith, Dr. 
Eouis Levin, Miss Mary Waldron, and Dr. Edmondo 
Fernandez for their assistance and cooperation. 
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It has been shown in a previous paper (1) that 
the specific gravity of urine is a simple additive 
function of the concentrations of the individual 
solutes. By the use of appropriate factors, the 
specific gravity u pattern/* t\c v the fraction of the 
specific gravity accounted for by each of the con- 
stituents of the urine, may be calculated when the 
composition is known. In urine from subjects on 
a standard 40 or 50 gram protein diet, urea ac- 
counted for 15 to 20 per cent, chloride for 25 to 
30 per cent, sulfate and phosphate together for 15 
to 25 per cent, bicarbonate for 1 to 5 per cent, 
and creatinine for 1 to 2 per cent of the observed 
specific gravity. On a 100 or 110 gram protein 
diet, urea, sulfate, and phosphate made a slightly 
greater contribution to the specific gravity. On 
the lower protein diet, 70 to 80 per cent, and on 
the higher protein diet, 80 to 90 per cent of the 
specific gravity could be accounted for by the sub- 
stances determined (urea, creatinine, inorganic 
salts, and ammonia). The undetermined fraction 
of specific gravity made up 10 to 30 per cent of 
the observed value and, in the same urines, the 
excretion of undetermined solids amounted to 9 to 
15 grams daily, which was 10 to 30 per cent of the 
total solids. The undetermined solids were or- 
ganic substances, about one-half being organic 
acids, and the daily excretion increased only 
slightly when the protein intake was more than 
doubled. The specific gravity pattern observed 
ln tins previous study was remarkably constant, 
presumably attributable to the fact that the sub- 
jects were on relatively uniform diets, particularly 
with regard to protein and salt intake. 

The present study is an extension of this in- 
vestigation to include the effect of free choice of 


diet, the influence of specific dietary factors, 
the ability of the kidney to vary the compo: 
^d specific gravity pattern of urine undei 
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perimentally produced changes in the internal 
environment. 

All urine specimens were collected and analyzed 
as described in the previous paper ( 1 ) . In cases 
where the collection period was less than 24 
hours, or where the subject was held to a con- 
trolled regime, the details are given in the discus- 
sion. Sodium and potassium were determined in 
all cases and the specific gravity contributions of 
the inorganic constituents were calculated by 
Method B, previously described. 

For analysis of serum the following methods 
were used: urea, Van Slyke hypobromite; total 
protein, micro Kjeldahl ; chloride. Van Slyke and 
Sendroy ; phosphate, Fiske and Subbarow (2) ; 
creatinine, Rehberg (3) ; and sulfate, Power and 
Wakefield (4). Cell volume was determined on 
the whole blood. 

The excretion of water has no effect on the 
specific gravity pattern of urine when other condi- 
tions are kept constant. This was shown in the 
previous paper where subjects on a controlled diet 
excreted urines of specific gravity ranging from 
1.003 to 1.028 with practically identical patterns. 

Since the kidney is not the chief route for ex- 
cretion of the end products of carbohydrate me- 
tabolism, the effect of varying the intake of carbo- 
hydrate has not been studied. In all diets, how- 
ever, sufficient carbohydrate was included to main- 
tain normal fat metabolism and insure adequate 
caloric intake. 

Similarly, the products of normal fat metabo- 
lism are not excreted to any great extent in the 
urine. This was tested in one experiment, as 
shown in Table I, where fat intake was reduced 
one-half, protein, carbohydrate, and salt intake re- 
maining constant. On the second day of the low 
fat intake, a 24-hour specimen was collected. No 
significant change in the composition or specific 
gravity pattern was found. Protein intake, on the 
other hand, is one of the principal factors con- 
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TABLE I 


Effect of protein and fat on the specific gravity pattern of urine 


Date 

Diet 

Urine 

volume 

Specific 

gravity 

pH 

Nitro- 

gen 

out- 

put 

Blood 

urea 

nitro- 

gen 

Out- 

put 

unde- 

ter- 

mined 

solids 

Per cent of specific gravity accounted for by 

Pro- 

tein 

Fat 

Car- 

bohy- 

drate 

Urea 

Cre- 

ati- 

nine 

Chlo- 

ride 

SO< 

H;PO< 

IIPO. 

HCOj 

Total 










mgm> 





■ ■ 







grams 

grams 

grams 

cc . 

£0°I4° 


grams 

prr 

gravis 




mm 



















H 





October 

30,1939 

19 

114 

350 

1682 1 

1.0080 

7.00 

4.5 1 

Mfm 

9.9 

11.7 

2.0 

41.6 

wmtM 

3.1 

6.8 

7.2 

79.3 

November 22, 1939 

57 

114 

WmM 

1685 1 

1.0126 

7.30 

7.9 

10.7 

11.6 

14.5 

1.5 

33.8 

mwm 

1.9 

8,8 

10.4 

78.2 

February 

7, 1940 

95 1 

89 1 

250 

1818 1 

1.0156 

6.59 

14.1 

12.7 

12.5 

21.4 

1.2 

34.4 

mam 

5.5 

4.7 

2.0 

80.9 

April 

24, 1940 


110 1 

170 

1788 

1.0167 

5.70 



17.2 

33.4 

1.2 

17.3 

17.4 

10.1 

1.0 


80.4 

April 

26,1940 


60 

170 

1728 

1.0167 

5.52 



16.9 

35.1 

1.3 

18.0 

17.5 

11.8 

0.8 


84.5 


trolling urine composition and specific gravity pat- 
tern, as has been shown in previously presented 
data. Table I gives data from Subject L. whose 
protein intake was varied over a greater range, 
from 19 to 150 grams daily. 2 In these experi- 
ments, the subject remained on each diet until ni- 
trogen excretion indicated equilibrium, and a 24- 
hour urine specimen was then collected for analy- 
sis. Fluid intake was kept constant during all of 
the urine collection periods. 

When salt intake is kept relatively constant, 
there is a striking correlation between urea or total 
nitrogen output and the fraction of specific gravity 
of the urine accounted for by urea. On a 19 gram 
protein intake, urea accounted for 11.7 per cent, 
while on a 150 gram intake, this rose to 33.4 per 
cent. The contribution of sulfate to the specific 
gravity also increased and the ratio of the contri- 
butions of sulfate to urea is constant, varying only 
between 0.50 to 0.60. Since the sulphur to nitro- 
gen ratio of urine is essentially constant, this result 
is to be expected. The phosphate contribution to 
specific gravity increases only slightly, the increase 
in phosphorus output being balanced by the shift 
from HP0 4 = to H,P0 4 — which occurs with in- 
creased protein metabolism and fall in pH. Bi- 
carbonate plays a significant role in the specific 
gravity pattern on the two lower protein diets be- 

2 In this and following tables, data on concentration 
and output of the urine constituents are not given. Suf- 
ficient data are included, however, to make possible the 
calculation of the concentration or output of urea and 
creatinine (in millimols or grams) and of the inorganic 
anions (in milliequivalents) when used in conjunction 
with the specific gravity factors in Table I of the pre- 
vious paper (1). A close approximation of the output 
of salts may be obtained by considering the cation to be 
sodium alone. 


cause of the higher pH values but becomes negligi- 
ble with greater protein intake. Chloride, since its 
output is relatively constant, contributes a smaller 
proportion of the specific gravity as the output 
of other substances is increased. Creatinine be- 
haves in a similar manner. 

The excretion of undetermined solids also varies 
with protein metabolism, approximately doubling 
with a five-fold increase in nitrogen output. The 
increase in the output of undetermined solids with 
increase in protein metabolism was previously 
noted but not considered to be definitely significant 
when 40 or 50 gram and 100 or 110 gram protein 
diets were compared. The greater protein range 
covered in these experiments, however, indicates a 
direct relationship. If the outputs of total solids 
(grams) and organic acids (milliequivalents) are 
correlated, a constant value is obtained so that or- 
ganic acids seem to account for a constant fraction 
of the undetermined solids, regardless of the diet. 
The remainder is due to other compounds, the 
output of which also increases with increased pro- 
tein metabolism. Change in the fat content of 
the diet has no effect on the undetermined solids. 

The effect of salts on the specific gravity pat- 
tern was studied from several aspects: ( 1 ) The 
addition of 10 grams of sodium chloride to the 
diet, keeping other dietary factors constant, both 
on 50 gram and 110 gram protein diets (M.) ; (2) 
salt depletion produced by removal of salt from 
the diet coupled with sweating (Z.), by pyloric 
obstruction (C.), or by minimal salt ingestion with 
minimal (600 calories) dietary intake (G. M.) ; 
(3) intravenous injection of concentrated solu- 
tions of various salts after a period of water 
deprivation. 

The results of the first two studies are sum- 
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TABLE II 


Effect of sodium chloride on the specific gravity pattern of urine 



Date 

Condition* 

Urine 

vol- 

ume 


pH 

Urea ; 

Bjffi 

cent of i 

Chlo- 

ride 

specific 

SO, 

gravity 

HsPO, 

due to: 

HFO, 

HCOj 

Total 

Output 
Cl as 
NaCI 

Output 
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ter- 

mined 

solids 





or. 


m 









Crams 

Crams 

M. 

O:to!<r 

4. IPSO 

50 tram* protein — control 

5*0 

1.0265 

Ba 

20.3 

2.3 

27.7 

10.2 ] 

8.3 

4.6 

0.9 

74.3 

6.4 



Ocioi^r 

12, 1939 

50 gram* protein— -10 parr.? ea!t 

905 

1.0212 

■dM 

18.5 

1.6 

3S.6 

6.5 

5.9 

5.4 

0.9 

77.4 

14.0 





added 



m 











M. 

Ortoler 

so. im 

1 10 {ram* protein — control 

1010 

1.0261 

i 5.9 

3U 

1.8 

24.7 

14.2 

11.0 

1.8 


84.8 

9.S 



October 

31, 1030 

1 10 pram* protein — 10 prams j»a!t 

1220 

1.02G1 

! 5.7 

24.6 

1.5 

37.4 

10.8 

9.8 

1.0 


85.3 

18.1 





added 















February 

27. 1010 

12-hour tpecimen— control 

220 

1.0261 

C.01 

: 18.3 

3.1 

27.1 

; 10.3 

12.5 

■31 


: 73.8 

2.4 

4.5 

Z. 

March 

A, 1910 

12-hour rpecimen — control 

206 

1.0282 

6.30 

15.2 

2.9 

25.2 

10.6 

1 12,1 

1 5.1 

0.6 

71.7 

2.2 

4.9 


May 

1. 19(0 

12-hou r fpecimen — rail depletion 

; ice 

1.0290 

5.44 

25.0 

3.7 

0.2 

17.4 

! 23.6 

1.4 

1 

71.3 

0.02 

4.6 

CM 

April 

15. 1910 

Loir protein ar.d fait 

; 

1.0200 

t 6.18 

m 

m 

m 

m 

; 7.7 

m 


m 

0.44 

7.4 

C. 

Jure 

IS. 1910 

Fyloric ototruetion 

S10 

1.0227 


34.1 

1.5 

0.1 

16.1 

1 11.4 

• 5.S 

1 0.4 

69.4 

0.02 

18.5 


June 

2 $. mo 

After salt therapy 

1500 

1.0007 


19.0 

LI 

1 33.0 

8.1 


11.8 

2.6 

S0.8 

5.4 

8.9 


marized in Table II. When 10 grams of sodium 
chloride are added to a diet already containing 6 
to 10 grams (M.) f the excess is largely excreted 
within 24 hours with a moderate increase in water 
excretion (fluid intake was constant for each 
dietaiy regime). There is an increase in the chlo- 
ride fraction of specific gravity from 28 per cent 
to 39 per cent on the low protein and from 25 per 
cent to 37 per cent on the high protein diet. The 
specific gravity contributions of the other con- 
stituents are reduced sufficiently so that the total 
specific gravity accounted for is approximately 
the same. This reduction is the result of dilution, 
since the total output of the substance other than 
chloride was unchanged. This would indicate 
that the undetermined solids are diluted in the 
same proportion, although data on this point were 
not obtained in these experiments with Subject M. 
The data do show, however, that salt intake, which 
is quite variable among individuals, plays a very 
important role in fixing the specific gravity pattern. 

The effect of salt deprivation on the specific 
gravity pattern of the urine is shown by Subject Z. 
The urines analyzed in this study are overnight 
specimens representing the final 12 hours of a 33- 
hour concentration test. On a control diet of 50 
grams of protein and a salt intake of approxi- 
mately 6 grams, the 12-hour urine specimens show 
the usual picture found with 24-hour specimens. 

, e # su bject was then placed on a low salt diet con- 
fining 0.5 to 1.0 gram daily and an attempt was 
^ a de to produce salt depletion by sweating, using 
* e technique described by McCance (5). The 


average daily loss of chloride in the sweat was 
2.5 grams as sodium chloride, thus placing the 
subject in negative salt balance. The chloride 
content of the urine fell rapidly, finally reaching a 
24-hour output level of less than 0.1 gram, but the 
serum chloride did not fall lower than 95.6 milli- 
equivalents per liter. The experiment could not 
be continued beyond this point because of the ap- 
pearance of alarming symptoms of vasomotor col- 
lapse, abdominal and muscular cramps, generalized 
weakness and mental confusion. At this stage the' 
concentration of urine chloride had fallen to 1.8 
milliequivalents per liter, and the specific gravity 
pattern was definitely altered, all of the other de- 
termined substances contributing a substantially 
increased percentage of the total specific gravity. 
However, the subject was still able to produce a 
urine of high specific gravity, 1.0296, although 
chloride made up only 0.2 per cent of the total. 
The excretion of undetermined solids was not af- 
fected and the percentage of specific gravity ac- 
counted for remained at the control level. Since 
the diminution in salt excretion in these experi- 
ments was accompanied by a decrease in water 
excretion, while the outputs of other substances re- 
mained the same, the concentrations of all of these 
increased sufficiently to raise the specific gravity to 
a normal level, i.e., the concentrating power of the 
kidney is unaffected and the hypochloremia in it- 
self does not give rise to hyposthenuria. 

Additional evidence for this was obtained from 
a patient with pyloric obstruction but normal kid- 
ney function (Subject C.) whose serum chlorides 
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had fallen to 84.0 milliequivalents per liter. In 
contrast to Subject Z., who showed marked clinical 
symptoms when serum chloride had fallen only to 
96 milliequivalents per liter, there were no symp- 
toms or signs associated with the severe hypochlo- 
remia other than a slight degree of dehydration. 
When fluids were withheld on a 33-hour concen- 
tration test, the final 12-hour urine specimen at- 
tained a specific gravity of 1.0245, although prac- 
tically free of chloride. A 24-hour urine con- 
tained only 0.02 gram of chloride as sodium chlo- 
ride, a concentration of 0.5 milliequivalent per 
liter, representing a chloride contribution to spe- 
cific gravity of 0.1 per cent. Urea accounted for 
34.1 per cent, more than would be expected from 
the 24-hour urea nitrogen excretion of 11.7 grams. 
Sulfate and phosphate contributions were also 
higher. Here again, the chloride deficit resulted 
in an increase in the specific gravity contribution 
of the other constituents. 

Undetermined solid output in the 24 hours was 
18.5 grams, the highest value thus far encountered. 
Organic acids were excreted in large amounts also, 
almost double the average normal output, but the 
significance of these high values is not apparent. 

Another 24-hour urine was collected after the 
serum chloride level had been restored to normal 
(104 milliequivalents per liter). In this specimen 
chloride contributed a normal percentage of the 
specific gravity and the contributions of the other 
constituents were modified so that the usual pat- 
tern resulted (Table II). The output of organic 
acids and total solids dropped to normal levels so 
that the total percentage of specific gravity ac- 
counted for was somewhat greater than in the first 
specimen. 

When both protein and salt intake are greatly 
restricted, the specific gravity pattern shows an- 
other change. Subject G. M. was an obese young 
woman on a reducing diet of extremely low caloric 
value and salt content. Although this diet placed 
the subject in a state of moderate ketosis, the urine 
containing appreciable quantities of acetone bodies, 
there was no evidence of acidosis either clinically 
or as shown by blood studies. Kidney function 
was normal and urine specific gravities above 
1.025 were obtained on several occasions. On the 
day of urine collection the dietary intake consisted 
of 25 grams of protein, 11 grams of fat, 100 grams 
of carbohydrate and 0.7 gram of sodium chloride 


with fluids restricted. Chloride contributed only 
3.7 per cent of the specific gravity, sulfate 6.6 per 
cent, and urea 25.7 per cent. The urea contribu- 
tion is higher than the protein intake would lead 
one to expect, again explicable on the basis of low 
salt excretion with accompanying reduction in 
water output. In this urine, one-half of the spe- 
cific gravity is not accounted for, the greatest 
amount yet encountered. This value is consistent 
with the fraction of total solids undetermined, 
also one-half. The output of undetermined solids, 
in keeping with the low dietary intake, is low, 
7.4 grams, despite a high concentration of organic 
acids, probably ketone bodies. 

In this subject, a reduction in the amount of 
substances to be excreted did. not result in hy- 
posthenuria, as suggested by Alving and Van 
Slyke (6). Water excretion can be correspond- 
ingly reduced and a fairly concentrated urine can 
still be formed. In this case the 24-hour output 
of total solids was 15.1 grams, as compared to the 
normal range of 50 to 75 grams, but water output 
was only 250 cc., so that the resulting specific 
gravity was 1.0200. 

In order to determine the variation in specific 
gravity pattern due to differences in the choice of 
diet of normal individuals, 24-hour urines from 
ten normal adults were studied. These subjects 
were all in good health, were ambulatory during 
the collection period, carried on their usual activi- 
ties, and were allowed unrestricted choice of diet 
and fluids. The results are arranged in order of 
nitrogen output in Table III. 

In these urines, the nitrogen output ranged 
from 7.1 to 17.1 grams and chloride output from 
90 to 240 milliequivalents (5.3 to 14.0 grams as 
sodium chloride). The similarity of the specific 
gravity patterns, despite the variations in diet, is 
quite striking. It will be noted, also, that the 
total percentage of specific gravity accounted for, 
as well as the individual specific gravity contribu- 
tions of the determined constituents, falls within 
the range found with the standard 40 to 50 gram 
and 100 to 110 gram protein diets used in the 
previous study. The correlation between protein 
intake and urea specific gravity contribution is 
not as clear-cut as in the previous experiments 
due to the greater variation in salt excretion; the 
latter, as shown above, bearing an inverse relation- 
ship to the contributions of the other constituents. 
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TABLE III 

Specific gravity pattern of urine of ten normal subjects with no dietary restrictions 


Subject 

Sex 

Date 

Nltro- 

Urine 

Specific 

gravity 

pH 


Per cent of specific gravity due to: 


Output 

unde- 

pen 

output 

vol- 

ume 

Urea 

Creat- 

inine 

Chloride 

SO< 

HtPOi 

HPCL 

HCOj 

Total 

ter- 

mined 

solids 

j 

F 

October 25, 1939 

Crams 

7.1 

cc. 

1730 

mm 


m 

1.7 

31.9 


7.7 

0.9 

0.3 

66.2 

grams 

15.4 

D 

F 

November 28, 1939 

7.8 


In 1 in 



1.9 

32.7 


7.5 

0.3 


75.0 

10.6 

MB 

M 

November 20, 1939 

8.1 


KVi JVfil 

Mill 

wlwA 

1.9 

32.0 

5.1 

15.2 

1.5 


79.0 

9.2 

F 

F 

December 13, 1939 

8.1 

1015 

1.0146 

5.26 

22.0 

1.8 

21.1 

11.4 

14.2 

■i M 


71.2 

12.3 

H 

M 

November 2, 1939 

9.6 


1.0265 

5.62 

18.1 

1.8 

36.3 

11.0 

8.9 

■« *1 

0.1 


13.3 

IB 

F 

November 30, 1939 

9.7 

2060 

1.0088 

6.94 

20.4 

1.4 

35.3 


3.6 

Mi -M 

6.3 

80.8 

11.0 

P 

M 

October 23, 1939 


1645 

1.0110 

5.57 

23.8 

2.2 

31.0 


10.3 

■i m 


78.4 

11.8 

MP 

F 

December 15, 1939 

10.7 


1.0127 

5.78 

24.0 

0.9 

34.3 

11.6 

9.2 

i.i 


81.2 

9.8 

R 

M 

December 18, 1939 

12.3 



6.61 

21.5 

1.3 

24.9 

10.5 

8.9 

8.1 

1.4 

76.6 

14.6 

W 

M 

December 4, 1939 

17.1 


1.0191 

6.08 

25.4 

1.5 

30.0 


9.9 

2.4 

0.4 

80.0 

16.8 


The excretion of undetermined solids in these 
urines is also within the range found with the 
standard diets, except for one of 16.8 grams just 
above the upper limit previously found. There is 
no correlation between the output of undetermined 
solids and body weight or surface area. 

In order to determine the ability of the kidney 
to produce marked variations in urine composi- 
tion and specific gravity pattern under conditions 
of stress, the following experimental procedure 
was adopted: 

Two subjects with normal kidney function were main- 
tained at rest in bed on a varied diet but restricted to 50 
grams of protein and 5 grams of added salt daily. For 
each experiment, the subject was placed on a standard 
diet with the same protein and salt content which was 
not varied for 3 days. Fluid as desired was permitted on 
the first day but was limited to 600 cc. on the second day, 
and to 200 cc. at breakfast on the third day. The 12-hour 
urine from 7 p.m. of the third day to 7 a.m. of the fourth 
day was collected (Specimen I). An intravenous injec- 
tion of a hypertonic solution of urea or a salt was then 
given over a period of 10 minutes and, beginning 20 
minutes later, one (Z.) or two (S.) 3-hour urine speci- 
mens (II and III) were collected. The substances used 
were 25.0 grams of urea, an approximately osmotically 
equivalent amount of sodium chloride (12.2 grams) or 
one-half this osmotic equivalent of sodium sulfate (9.85 
grams) or sodium phosphate (8.45 grams of N^HPC^ 
and 2.05 grams of NaH*P0 4 .H 2 0, pH = 7.4), in each 
case dissolved in 50 cc. of water. As a control, 50 cc. of 
5 per cent glucose solution were injected in one experiment 
with each subject. No food or fluid was allowed until 
the close of the urine collection periods. 

Blood specimens were taken at the close of Period I 
with both subjects, at the beginning and end of period 
II with Subject Z., and at the midpoints of Periods II 
and III with Subject S. Cell volume was determined on 
whole blood and the sera were analyzed for urea, crea- 


tinine, total protein, chloride, sulfate, and phosphate. 
Only the injected substance showed a marked change in 
concentration in the serum. Slight changes in the other 
constituents could be attributed to a small increase in 
water content. 

Table IV summarizes the pertinent data from 
these experiments, giving, in addition to the spe- 
cific gravity contributions of the determined sub- 
stances, the urine flow, the specific gravity, the 
percentage of total solids determined and the blood 
level of the experimental substance at the end of 
Period I and at the midpoints of Periods II and 
III. 

Period I, in all experiments, represents urine 
collected under similar conditions and shows a 
fairly constant specific gravity pattern consistent 
with the previously presented data for 24-hour 
urines. The total percentage of specific gravity 
determined is also fairly constant, ranging from 
72 per cent to 79 per cent with Z., and from 69 
per cent to 72 per cent with S. The urine output 
also varies only between narrow limits and is in 
the lower range of normal rates of excretion, so 
that a satisfactory concentrating ability is shown 
in all of these specimens. 

Period II shows the changes resulting from 
the injection of a hypertonic solution when the 
body is already dehydrated. With both subjects, 
all four substances cause a significant increase in 
urine output. Despite the fact that urea and 
chloride were given in approximately iso-osmolar 
quantities, while only one-half this osmolar equiva- 
lent of sulfate and phosphate was injected, the 
order of diuretic effect is sulfate > phosphate > 
urea > chloride. This difference is not evident 
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TABLE IV 

Effect of intravenous injection of hypertonic solutions on specific gravity pattern of urine 


Injected substance 

Control 

Urea 

Chloride 

Sulfate 

Phosphate 

Period 

1 

I 

II 

III 

I 

II 

III 

I 

II 

III 

I 

II 

III 

D 

II 

III 


subject Z. 


Volume, cc. per hour 

25.5 

33.2 


18.5 

50.7 


17.2 

50.7 


29.2 

120.7 


23.1 

93.2 


Specific gravity, S0°I4° 

1.0219 

1.0250 


1.02G1 

1.0101 


1.02S2 

1.0249 


1.0231 

1.0300 

-i 

1.0260 

1.0228 


Per cent specific gravity due to: 
















Brea 

20.4 

17.5 

1 

18.3 

44.0 


15.2 

12.5 


17.S 

7.9 


19.2 

10.0 


Creatinine 

2.1 

1.9 


3.1 

1.7 


2.9 

1.3 


2.0 

MM 


2.4 

0.8 


BC1 

33.9 

30.0 


27.1 

27.0 


25.2 

44.5 


36.1 

IS 


32.3 

6.1 


B 2 SO 4 

9.1 

0.5 


10.3 

46 


10.6 

3.8 


yri 

65.0 


0.7 

2.5 


BHsPCh 

10.1 

2.1 


12.5 

3.2 


12.1 

0.9 


8.3 

0.5 


14.0 

23.2 


B^HPO, 

3.0 

10.4 


2.5 

2.5 


5.1 

10.1 



3.8 


1.0 

45.9 


BHCO 3 

0.4 

4.6 

I 

1 


1.2 


0.0 

14.8 



0.7 



3.3 


Per cent specific gravity determined 

79.0 

79.0 


73.8 

85.1 

; 

71.7 

87.9 


7S.6 

94.8 


78.6 

91.8 


Per cent total solid determined 


75.1 


08.7 

82.8 


64. C 

82.5 


74.0 

89.0 


72.1 

83.6 






Urea N 


Chloride 


Sulfate 

Phosphate 




(mom. per 100 cc.) 

| (mEq. per liter) 

(mEq. per liter ) 

(mEq. per liter) 

Serum concentration 



17.1 



104.2 

110.0 



| 5.12 


2.82 

8.55 



SUBJECT S. 


Volume, cc. per hour 

26.6 

18.9 

33.9 

11.4 

64.8 

71.7 

19.8 

54.1 

45.9 

14.1 

9S.4 

39.7 

10.5 

96.4 

50.3 

Specific gravity, S0°!4° 

1.0231 

1.0228 

1.0251 

1.0258 

1.0158 

1.0181 

1.0256 

1.0224 

1.0236 

1.0262 

1.0313 

1.0345 

1.0271 

1.0211 

1.0264 

Per cent specific gravity due to: 




i 












Urea 

19.0 

17.9 

17.4 

25.3 

56.0 

52.8 

24.3 

19.3 

17.3 

20.2 

8.5 

9.1 

23.7 

8.9 

9.9 

Creatinine 

1.9 

2.1 

1.9 

2.7 

1.5 

1.4 

2.1 

1.4 

1.4 

1.9 

0.7 

u 

2.2 

0.7 

IS 

BC1 

35,9 

44.1 

40.5 

19.2 

14,7 

19.6 

26.5 

49.5 I 

52.1 

27.0 

5.0 

6.8 

18.4 

4.1 

S.8 

B 2 S04 

10.6 

9.0 

8.8 

12.7 

5.2 

5.0 

11.7 


5.9 

13.9 

76.S 

64.6 

13.5 

El 

4.6 

BH 2 P0 4 

8.7 

8.2 

12.5 

13.3 

3.6 

4.0 

12.2 


5.5 

12.9 

3.2 

6.0 

17.4 

i 58.8 

35.1 

B 2 HPO 4 

1.1 

0.2 

0.4 

0.9 

1.0 

2.8 

0.7 

4.0 

3.0 

1.3 

0.2 

0.6 

1 1.3 

15.7 

29.8 

bhcoj 





0.2 

0.8 


1.6 

1.3 






0.9 

Per cent specific gravity determined 

77.2 

81.5 

81.5 

74.1 

82.2 

86.4 

77.5 

85.3 

86.5 

! 77.3 

' 94.4 

8S.2 

76.6 

91.2 

85.3 

Per cent total solid determined 

72.4 

75.1 

78.8 

69.1 

82.4 

82.8 

72.2 

82.3 

80.1 

69.5 

86.2 

79.6 

70.4 

86.0 

78.2 






Urea N 


Chloride 



Sulfate 


Phosphate ^ 





(mgm. per 100 cc.) 

(mEq. per liter) 

(mEq. per liter) 

(mEq. per liter) 

Scrum concentration. 




14.4 

37.4 

I 32.2 

1 


10S.1 

106.3 

0.7S 

3.96 

2.20 

2.64 

6.56 

3.31 


from the specific gravities which show the most 
marked lowering with urea and even an increase 
with sulfate. In the two subjects, the diuresis 
produced by urea results in a specific gravity de- 
crease of 0.0100, that by phosphate of 0.0032 and 
0.0060, that by chloride of 0.0033 and 0.0032, 
while the diuresis due to sulfate is accompanied 
by specific gravity increases of 0.0072 and 0.0051. 
Thus the effect of salt or urea diuresis on specific 


gravity depends on the nature of the solute as well 
as on the increased volume. 

With the increase in blood level of the injecte 
substance, it would be expected that the urine 
would show an increase in concentration of this 
substance with a decrease in concentration of the 
other constituents because of the diuresis. This 
is found to be the case, as is shown by the changes 
in specific gravity pattern. The one exception is 
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bicarbonate whose concentration in the second 
urine is uniformly increased due to an increase in 
pH. This morning “ alkaline tide ” effect has 
been shown to vary appreciably among individuals 
and to be independent of food intake (7). It is 
more evident in Subject Z. than in Subject S. 
The net result of all of these changes is a great 
distortion of the specific gravity pattern and a 
concomitant increase in the percentage of specific 
gravity determined. In the case of sulfate and 
phosphate, 91 per cent to 95 per cent of the 
observed specific gravity has been accounted for. 

Period III, representing the second 3-hour pe- 
riod after the injection, shows qualitatively the 
same picture as Period II but some quantitative 
differences. In the two periods the specific gravity 
pattern remains about the same in the urea and 
chloride experiments while, with sulfate and phos- 
phate, the pattern begins to show a return to the 
control level. The reason for this is made clear 
from the excretion data (not given in the table). 
In round figures, one-fourth of the injected urea 
is excreted in the first 3-hour period and an equal 
amount in the second. Similarly, one-sixth of 
the chloride introduced is eliminated in each of 
the periods. On the other hand, about 80 per cent 
of the sulfate is excreted in 3 hours and prac- 
tically all of the rest in the next 3 hours, while 
the figures for phosphate are 55 per cent and 25 
per cent. The decreased output of the two latter 
substances in the second 3-hour period is reflected 
m the decrease in the percentage of specific gravity 
determined. 

Sufficient data are not available to justify a 
lengthy discussion of the output of undetermined 
solids in the short periods involved in these ex- 
periments. The overnight excretion (Period I) 
^as quite constant, 4.3 to 4.9 grams with Subject 
* an ^ 4.1 to 4.8 grams with Subject S. During 
eriod II, the excretion ranged from 1.4 to 1.9 
grams, equivalent to a somewhat greater output 
jvhen compared to Period I on the same time 
asis. During Period III, the output (S.) was 
to 1.6 grams. Under normal conditions, the 
output of undetermined solids is always greater 
unng the day than during the night, which has 
Jen interpreted as due to a greater concentration 
0 exogenous metabolites of digestion in the day 
specimen. Since these subjects, however, had no 
00 until the end of the urine collections, it is 


possible that diuresis due to salts or urea is re- 
sponsible for a sweeping out of undetermined 
substances over a short time interval, which would 
not be apparent in a collection extending over a 
longer period. Also, since the calculation of un- 
determined solids is subject to considerable error, 
involving as it does all of the errors of the urine 
analysis, small variations over a short period may 
be exaggerated or masked. The nature of the 
undetermined solid is apparently not affected. The 
specific gravity factor per gram of undetermined 
solid per liter ranges from 0.00026 to 0.00043, 
with an average of 0.00035 (as compared with an 
average of 0.00039 previously found), with the 
variations apparently entirely random and show- 
ing no consistent upward or downward trend in 
passing from Period I to Period III. 


table v 

Effect of intravenous injection of urea and salts on their 
contributions to specific gravity 



Normal range 
per cent 

After injection 
per cent 

Urea 

15-25 

44-56 

Chloride 

18-36 

45-52 

Sulfate 

8-14 

65-77 

Phosphate. ..... 

10-19 

65-75 


Table V shows clearly the marked change in 
the specific gravity contributions which were ob- 
tained in these experiments. It is quite possible 
that these are approaching maximal values under 
the experimental conditions because, in one sub- 
ject, the injection of 75 grams of urea in three 
doses raised the contribution of urea to 58 per 
cent, only slightly higher than resulted when 25 
grams were given, although the blood level reached 
64 milligrams of urea nitrogen per 100 cc. 

It must be emphasized that despite optimal con- 
ditions for achieving a high specific gravity in the 
urine, i.e low urine flow and high blood concen- 
tration, the highest specific gravity obtained in 
these experiments was 1.0345. There exists some 
very effective factor that limits the concentration 
of the urine. Smith (8) raises the question of 
two limiting factors to the concentration “ ceil- 
ing ”, an " osmotic ceiling ” (urea, sucrose, etc.) 
and an “ ionic strength ceiling ” (inorganic salts), 
the maximal concentration representing a resultant 
of these two effects. This question, as well as the 
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problem of water excretion raised by Gamble (9) 
requires further investigation. 

The ability of the normal kidney, however, to 
vary the composition and specific gravity pattern 
of urine below the concentration “ ceiling ” is 
clearly shown. Under normal conditions of die- 
tary intake and in health, the kidney eliminates 
a urine of remarkably uniform composition but 
it also has a large reserve capacity to take care 
of changes in the internal environment. How the 
damaged kidney performs under similar conditions 
will be dealt with subsequently. 

CONCLUSIONS 

1. The normal kidney under the usual condi- 
tions of diet produces a urine of remarkably con- 
stant composition and specific gravity pattern. 

2. Large variations in the intake of water, fat, 
and carbohydrate have little effect on the specific 
gravity pattern. 

3. On the other hand, marked changes in pro- 
tein and salt intake may cause large variations in 
the composition of urine with a resultant distor- 
tion of the specific gravity pattern. 

4. When large doses of salts or urea are given 
intravenously, the injected substance appears in 
high concentration in the urine and may account 
for at least 50 per cent to 75 per cent of the 
specific gravity. 

5. The undetermined solids of urine, which 
account for the undetermined specific gravity, in- 
crease with the protein intake but may also be 
affected by other factors. 


6. Chloride depletion per se, produced either 
experimentally or by pyloric obstruction, does not 
result in hyposthenuria. 
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In a previous report (1) the transfer of ascorbic 
acid from scrum to blood cells in vitro was studied 
with concentrations of ascorbic acid in serum 
significantly higher than those observed in vivo . 
This communication deals with the distribution of 
ascorbic acid between the two phases of human 
blood when the vitamin is added in amounts above 
and within physiological limits. The distribution 
of ascorbic acid under conditions in which the con- 
centrations in cells far exceed those in serum, and 
the partition of ascorbic acid added to blood under 
these conditions also are presented. 

METHODS 

Ascorbic add in scrum was determined according to 
the recently described modification (1) of Mindlin and 
Butler’s method (2). Whole blood was analyzed as be- 
fore, according to the method of Emmerie and van 
Eckel en (3). 

Recently, Butler and Cushman described a new method 


by which the ascorbic acid concentration of whole blood 
filtrates is determined colorimetrically (4). Their con- 
clusions confirm our observations (5) that the stores of 
vitamin C in the body can be estimated better by analyses 
of whole blood than by analyses of plasma or serum. 
At the same time, these authors object to the method 
used in this laboratory because the color developed in 
filtrates prepared according to the directions of Emmerie 
and van Eekelen fades rapidly. We agree with Mindlin 
and Butler (2) and Butler and Cushman (4) that accu- 
rate colorimetric determination of ascorbic acid is pos- 
sible only if conditions can be established in which a 
stable color is developed. 

Figures 1 and 2 of Butler and Cushman (4) are in- 
tended to show that in filtrates obtained by Emmerie and 
van Eekelen’s procedure the color fades progressively 
while it is more stable in filtrates prepared according to 
their own directions. In these figures, when extrapolated 
to zero time, 1.16, 0.1 and minus 0.02 mgm. per cent by 
the Butler and Cushman method would correspond to 
1.26, 0.18 and 0.18 mgm. per cent by the Emmerie and 
van Eekelen method. Extrapolation of an irregularly 
progressing curve is highly unsuitable and values thereby 
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Eig. 1. Correlation Between Urinary Excretion of Ascorbic Acid and Its Concentrations in 

Whole Blood 


Analyses of whole blood by the method of Emmerie and van Eekelen, X X, by the method of 

Butler and Cushman, 0 0. 

On March 5, 6, 7, 9, 11 and 12 urinary surplus excretion was determined for 4 hours following the test doses. 
_ he amo unts excreted are indicated by the solid columns. There was no surplus excretion on March 5 and 9. 

1 Aided by a grant from the Markle Foundation. 
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Fig. 2. Distribution of Ascorbic Acid Between 
Cells and Serum at Different Concentrations of 
Ascorbic Acid 

Concentrations in serum and cells are given as mgm. 
per liter of water. The water content was not deter- 
mined but calculated on the basis of average figures of 
72.3. per cent for cells and 93.5 per cent for serum, de- 
rived from data presented by Eisenman, Mackenzie and 
Peters (10). The dotted line represents the locus of 
points on which concentrations in cells and serum would 
be equal. 

obtained are most dubious. Yet, if rapidly fading colors 
are to be evaluated at all, extrapolation is inevitable. 

Figure 1 presents the relationship observed in two ex- 
perimental subjects of about equal size between urinary 
excretion of ascorbic acid and whole blood concentrations 
determined according to both methods. 2 Emmerie and 
van Eekelen's procedure was used in its original form, 
ix,, with titration. Filtrates prepared according to But- 
ler and Cushman’s method (4) were measured only with 
sodium 2, 6-dichlorobenzenoneindophenol as indicator; 
the methylene blue modification was not employed. The 
results secured by both methods agree fairly well with 
each other. Only in one instance — on March 4th, ex- 
periment 1 — was a difference noted when Butler and 
Cushman’s method gave 6.9 mgm. per liter, a value sig- 

2 Through the courtesy of Miss M. Cushman and Dr. 
A. M. Butler, the writer had the privilege of seeing and 
studying their method in advance of its publication. 


nificantly lower than 12.5 mgm. per liter obtained with 
Emmerie and van Eekelen’s method. 

The latter appeared to indicate better the degree of 
saturation, since after only 290 mgm. of ascorbic acid 
had been taken on the next day, 330 mgm. on March 6th 
caused surplus urinary excretion. With an initial con- 
centration of only 6.9 mgm. per liter in whole blood, it 
is to be expected that a much larger dose of ascorbic 
acid would be required to produce saturation. On March 
7th and March 11th (Figure 1) when Emmerie and van 
Eekelen’s procedure gave identical results, approximately 
equal amounts of ascorbic acid were excreted in the 
urine; the correlation between blood concentrations and 
amounts excreted in urine is less satisfactory when the 
values obtained by Butler and Cushman’s procedure are 
accepted. 

In the analyses presented in Figure 1, the filtrates pre- 
pared according to the directions of Butler and Cushman 
did not develop stable colors. Expressed in terms of 
mgm. per liter, the rates of fading were from 0.8 to 1.1, 
1.6 to 2.6, 1.8 to 2.5, 1.1 to 1.8, 1.6 to 2.4, 1.6 to 2.3 at 15 
to 60 seconds. Plotted on a similar scale, the resulting 
curves would resemble those obtained by Butler and 
Cushman in Emmerie and van Eekelen’s procedure and 
represented in their Figure 2. According to Butler and 
Cushman’s criteria, the shape of these curves suggests 
the presence of interfering colorigenic materials. Our 
observations differ from their own data and interpreta- 
tions only quantitatively, proving that their method is 
open to the same objections voiced against Emmerie 
and van Eekelen’s procedure. This continued fading 
cannot be attributed to the development of color at an 
unsuitable acidity. The strength of metaphosphoric acid 
solutions was well adjusted by titration with 0.1 N sodium 
hydroxide. In blanks, stable colors invariably developed 
with solutions in which the acid was 0.21 to 0.22 N by 
titration, using phenolphthalein as indicator. Filtrates 
from whole blood had consistently the same normality 
(0.21) when the deproteinization had been carried out 
with 2 cc. of 2.0 n solution of metaphosphoric acid, 2 
cc. of blood and 12 cc. of distilled water. The only 
modification of Butler and Cushman’s directions consisted 
in the use of defibrinated instead of oxalated blood. The 
former was found to contain approximately 25 per cent 
less granulocytes than the latter. This difference in 
white cell count may be significant in certain instances. 
Observations by Stephens and Hawley (6), Cuttle (7), 
and Kreuzwendedich von dem Borne (8) — the latter 
using Emmerie and van Eekelen’s method — that granulo- 
cytes contained high concentrations of ascorbic acid, were 
fully confirmed by Butler and Cushman’s investigations 
(4). Since in the present study all measurements by 
both methods have been conducted on samples of blood 
treated identically, this loss of granulocytes in the process 
of defibrination was of no importance. 

Two series of data derived incidentally from experi- 
ments not intended for this purpose further substantiate 
the accuracy of Emmerie and van Eekelen’s method. 
Considering the number of manipulations and calculations 
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involved, theoretical and observed values agree closely* 
In the first experiment, the original concentration in 
serum was 11.7 and that in cells 13.5 mgm. of .ascorbic 
arid per liter, respectively; immediately following the 
addition of ascorbic acid, the scrum concentration had 
increased to 18.6 mgm. per liter; after 45 minutes of 
incubation under the conditions described, this concentra- 
tion had decreased to 15.5 mgm. per liter. With a cell 
volume of 46 per cent, 3.1 mgm. (18.6 minus 15.5) re- 
moved from serum and transferred to cells would cor- 
respond to 6.7 mgm. per liter of cells which, plus the 
original content of 13.5, would make a total cell concen- 
tration of 20.2 mgm, per liter. The calculated whole 
blood concentration was 17.7 (460 cc. of cells = 9 3 mgm. 
plus 540 cc, of scrum = 8.4 mgm.). By analysis a con- 
centration of 16.8 mgm. per liter of whole blood was 
found. In the second observation, the original concen- 
tration in scrum was 15.2, that in cells, 18.3 mgm. per 
liter, respectively; after reducing the ascorbic acid con- 
tent of serum by a procedure described below, a concen- 
tration of 4.0 mgm. per liter was found. With a cell 
volume of 48 per cent, whole blood should contain 10.88 
mgm. per liter (8.78 mgm. in 480 cc. of cells plus 2.1 
mgm. in 520 cc. of serum). By analysis 11.1 mgm. per 
liter were found. 

EXPERIMENTAL RESULTS 

Collection of blood, control of temperature, ad- 
dition of crystalline ascorbic acid, continuous agi- 
tation of blood in atmospheres of nitrogen or 
oxygen were all carried out strictly according to 
the directions recently described (1). “Separ- 
ated ” and “ true ” sera also were obtained and 
are referred to in the same manner as before ( 1 ). 
Again, hemolysis and change in cell volume were 
completely prevented unless, as in one group of 
experiments, they are expressly mentioned. In- 
vestigating “the preservation of ascorbic acid in 
drawn samples of blood,” Kassan and Roe (9) 
confirmed the necessity of avoiding hemolysis and 
the comparative stability of ascorbic acid in whole 
blood. These authors also state that ordinary 
glass containers promote hemolysis and conse- 
quently are not suitable for the preservation of 
ascorbic acid in blood. In view of this observation 
J t is emphasized that pyrex glass was used through- 
°ut all our experiments. 

It was previously demonstrated that an atmos- 
phere of nitrogen stabilizes ascorbic acid in whole 

ood. To confirm the protective action of nitro- 
£ ei b ascorbic acid was determined at certain in- 
tervals not only in true but also in separated sera. 

a t ascorbic add remains stable in separated 
£Gra ls conclusively proved by previous experi- 


ments (Figure 1, B and C (1)). After many 
similar observations had attested to the stability 
of ascorbic acid under these conditions, it seemed 
justifiable to discontinue determinations of as- 
corbic acid in “ separated sera ” in the further 
course of this investigation. 

The technique of studying transfers of ascorbic acid 
in the experiments presented in this paper was the same 
throughout: continuous agitation at 37° C. (or at 7° C.) 
in an atmosphere of nitrogen. Crystalline ascorbic add 
was dissolved in a small volume of serum and kept at 
37° C. under nitrogen before addition. The amounts 

transferred to cells were expressed as mgm. per liter of 

c 5 , 

cells and calculated from where S x is the con- 

centration in true serum immediately after addition, S : 
the concentration in true serum after agitation, and CV 
the cell volume. 

As shown before, this method of calculating 
cell concentrations proved to be reliable when 
checked by calculating cell concentrations from 
determinations in whole blood and serum and 
measurements of cell volumes. The latter pro- 
cedure was used also for evaluating concentra- 
tions originally present in the cells of samples of 
blood used for further experimentation. 

After the addition of ascorbic acid to whole 
blood its concentration was determined in sam- 
ples of true serum removed immediately, after 30 
minutes, and after about 45 minutes. In agree- 
ment with the previous report, transfers were 
invariably completed within 30 minutes. The re- 
sults obtained after these intervals, therefore, 
should not and actually did not differ. Whenever 
they do, either a leakage in the system through 
which nitrogen is conducted or imperfectly cleaned 
glassware must be suspected. For the evaluation 
of observations resulting from this experimental 
technique, the prevention of oxidative destruction 
of ascorbic acid by nitrogen acquires intrinsic sig- 
nificance. Anticipating experimental data pre- 
sented below, the protective action of nitrogen 
was evident in all the experiments in which no 
changes in ascorbic add concentrations occurred 
in true sera separated from incubated whole blood 
before and after the aforementioned intervals. 
Furthermore, when ascorbic add was added to 
samples of the same blood, but with different cell 
volumes (obtained by removing varying volumes 
of serum), the decrease in true serum varied di- 
rectly with the number of cells. If ascorbic add 



42 


MARTIN HEINEMANN 


were destroyed under the experimental conditions, 
the smallest amounts would be lost in the presence 
of the largest number of cells, the protective ac- 
tion of which upon ascorbic acid in serum is gen- 
erally recognized. 

A. Rate of distribution of ascorbic acid betzueen 

serum and cells following its addition to 
defibrinated blood 3 

Figure 2 represents the distribution of ascorbic 
acid between the two phases of blood following 
the addition of widely varying amounts of the 
vitamin. In this figure, squares, triangles, open 
circles and crosses depict four experiments in 
which different amounts of ascorbic acid were 
added to samples of the same blood ; solid circles 
indicate single observations. The data of both 
groups demonstrate alike that the amounts of 
ascorbic acid transferred to cells decrease as the 
concentrations in serum diminish. 

B. Lack of transfer of ascorbic acid from cells to 

serum 

A patient with peptic ulcer and vitamin C de- 
pletion subsequent to dietary treatment was found 
to have concentrations of ascorbic acid in whole 
blood of 4.6, in serum of only 0.61 mgm. per 
liter. At a cell volume of 41 per cent, the con- 
centration of ascorbic acid in cells amounted to 
10.3 mgm. per liter. These concentrations did not 
change after 2 hours of incubation under the 
usual conditions. The concentration in true serum 
remained constant also during 50 minutes fol- 
lowing the addition of small amounts of ascorbic 
acid by which the concentration in serum was 
increased to 7.2 mgm. per liter. 

Conditions similar to those of this observation 
were duplicated experimentally in the following 
way: From freshly drawn defibrinated blood, 
serum and cells were separated by centrifuging. 
The cells were kept in a tightly stoppered con- 
tainer at about 23° C. while the serum was 
treated with a wet stream of oxygen at 37° C. 
for 1% to 2 hours, which almost completely de- 
stroyed its ascorbic acid. Consequently, serum 
and cells were placed separately in an atmosphere 
of nitrogen at 37° C. for 30 minutes before being 


3 Human blood was used invariably. 


remixed. In the following presentation of ex- 
perminents where this technique was employed, 
serum treated with oxygen, and subsequently with 
nitrogen, will be referred to as “ prepared serum; ” 
separated cells, kept at room temperature and 
treated with nitrogen for half an hour, as “pre- 
pared cells.” 

It will be noted that concentrations in serum of 
blood composed of “prepared serum” and “pre- 
pared cells ” were low, but not zero. This was 
due to the impossibility of completely removing 
the original serum containing ascorbic acid • from 
“ prepared cells.” This amount of ascorbic acid 
in the serum of “ prepared cells ” became even 
more inconvenient in the experiments in which it 
was increased by addition of ascorbic acid. As 
will be shown, such sera could be diluted to satis- 
factorily low concentrations by using 20 cc. each 
of “ prepared serum ” (without ascorbic acid) 
and “ prepared cells.” 

In three such experiments, concentrations of 
ascorbic acid in true serum determined imme- 
diately and at intervals after mixing both phases 
of blood remained unchanged during 1 hour. The 
corresponding concentrations in serum and cells 
were 3.2 and 26.4, 4.3 and 20.0, 1.0 and 19.6 
mgm. of ascorbic acid per liter of water, respec- 
tively. 

In three more experiments, “ prepared serum ” 
was obtained from one portion of blood. Another 
portion was incubated following addition of as- 
corbic acid and the amounts transferred to cells 
were calculated in the manner described above. 
These amounts plus the ones originally present 
express the total concentration in cells. After 
removing the serum from this incubated whole 
blood as completely as possible by centrifugation, 
the remaining cells were treated with nitrogen for 
30 minutes. In this way, “ prepared cells ” con- 
taining 37.1, 144.3 and 117.4 mgm. of ascorbic 
acid per liter of water, respectively, were remixed 
with corresponding “ prepared sera ” containing 
11.8, 35.7 and 36.0 mgm. per liter of water, re- 
spectively. In no instance was any change in the 
concentrations in true sera observed during 70 
minutes of continuous agitation at 37° C. under 
nitrogen. In three experiments carried out iden- 
tically, except that the temperature was 7° C., 
concentrations in true sera likewise remained 
stable. 
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C. Lack of transfer of ascorbic acid from serum 
to celts following the addition of 
this substance 

Incidentally, the distribution of added ascorbic 
acid was investigated in the blood of a patient 
with secondary anemia who was markedly depleted 
as the result of inadequate diet. The original con- 
centrations were 4.4 mgm. per liter of whole blood, 

1.0 mgm. per liter of scrum; cell volume was 31 
per cent, the concentration of ascorbic acid per 
liter of cells 11.97 mgm., or 16.6 mgm. per liter 
of water in cells, against 1.07 mgm. per liter of 
water in serum. In experiments carried out in 
duplicate no uptake of ascorbic acid could be de- 
tected during 1 hour following the addition of 
ascorbic acid so as to increase the serum concen- 
trations to 57.0 and 61.0 mgm. per liter of water, 
respectively. 

This incidental observation was imitated by us- 
ing blood composed of “ prepared serum and 
“ prepared cells.” Ascorbic acid was added to 
samples of this blood (a) immediately, ( b ) 1 hour 
and (c) 2 hours after its two components had 
been re-mixed. Determining the amounts trans- 
ferred to the cells in the course of 1 hour, the 
corresponding changes in serum concentrations 
were (a) 73.3 to 65.3, ( b ) 59.0 to 54.4 and ( c ) 
68.9 to 68.0 mgm. per liter, respectively. In an- 
other experiment, one part of serum was trans- 
formed into “ prepared serum ” while the other 
part, kept under nitrogen, maintained its original 
concentration of 8.5 mgm. of ascorbic acid per 
liter. Consequently, “ prepared cells from the 
same blood were added to these sera and gently 
agitated under the usual conditions. After 2 
hours ascorbic acid was added to each blood. In 
the blood with serum, the ascorbic acid of which 
had been preserved, a transfer of 8.3 (63.3 to 
55.0) mgm. = 20.2 mgm. per liter of cells was 
noted after 60 and also after 105 minutes ; cells in 
contact with u prepared serum ” for 2 hours prior 
to the addition of ascorbic acid took up no ascorbic 
acid ; the concentration in the serum remaine 
48.3 mgm. per liter of serum throughout. These 
results must be presented with certain reserve 
since cell volumes did not remain constant, c ^ an S' 
ing in the experiments from 40 to 41.5 per cent, 
to 41.8 per cent, and 40 to 41 per cent, respectively. 
The increases in cell volume, significant ecause 


they never occurred in the experiments hitherto 
described, appear to be due to changes in serum 
rather than in cells. They occurred in “ prepared 
serum ” as well as in serum treated with nitrogen 
only, and were independent of the addition of 
ascorbic acid; they could not be prevented by 
using cells separated from samples of blood drawn 
freshly from the same subject after the prepara- 
tion of the sera was completed. 

DISCUSSION 

The data presented in Figure 2 show that the 
amounts of ascorbic acid transferred from serum 
to cells, following its addition to blood, bear a 
direct relation to its concentrations in serum. The 
ratios of distribution between cells and serum are 
about the same in experiments in which different 
concentrations of ascorbic acid are added to sam- 
ples of the same blood as they are when ascorbic 
acid is added to various bloods. At concentrations 
of ascorbic acid higher than any that occur in vivo, 
serum always contains more than cells. The ratio, 
ascorbic acid of serum : ascorbic acid of cells, de- 
clines from approximately 4.75 at serum concen- 
trations of 600 to 750 mgm. per liter to 2.5 at con- 
centrations of 100 to 150 mgm. per liter and to 
1.5 at a concentration of 50 mgm. per liter. It 
approaches unity, as previous experiments sug- 
gested (1) at about 35 mgm. of ascorbic acid per 
liter of water in serum. 

Previously, the necessity of imitating physio- 
logical conditions was demonstrated with respect 
to temperature and to the avoidance of sedimenta- 
tion of blood (1). Yet, in spite of maintaining 
proper temperature and providing for contact be- 
tween all the cells and serum by continued agita- 
tion, the distribution ratios differed from those 
observed in vivo and it may now be concluded that 
this was due to artificially high concentrations. 
When these also conformed to physiological limits 
(Figure 2, below dotted line), however, the ratios 
in vitro corresponded to those established in vivo. 

Below 35 mgm. per liter of water the concen- 
trations in cells exceed those in serum. That re- 
versal of the ratio appears at about this point is 
confirmed by the experiment presented in Table I 
in which different quantities of ascorbic acid were 
added to samples of the same blood to yield vari- 
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TABLE I 

Distribution of different concentrations of ascorbic acid added 
to sample of the same blood 



Serum 

Cells 

. Serum 
Quotient Cc , Js 

Original 

mgm. per liter 
of water 

11.8 

mgm. per liter 
of water 

19.0 


After addition 

18.2 

20.0 

0.91 

After addition 

1 26.7 

29.0 

0.92 

After addition 

38.0 

32.1 

1.18 


ous concentrations in the region of 35 mgm. per 
liter. 

These observations in vitro agree well with re- 
sults of analyses of serum and cells of freshly 
drawn blood reported earlier (5). In thirty in- 
stances without exception more ascorbic acid was 
found in cells than in serum. The differences, il- 
lustrated in Figure 3 of that communication, would 
be even greater if concentrations were recorded in 
terms of mgm. per liter of water instead of mgm. 
per liter of total volume. In vitro as well as in 
vivo, at concentrations within the physiological 
range, cells withdraw the vitamin from serum be- 
yond the point of equal distribution. Above the 
critical concentration of 35 mgm. per liter, how- 
ever, which is far higher than concentrations en- 
countered in circulating blood, the amounts trans- 
ferred are so small that the concentrations ulti- 
mately attained are always lower in cells than in 
serum. This inversion of distribution ratios with 
changing concentrations seems to prove quite con- 
clusively that simple diffusion alone cannot con- 
trol the partition of ascorbic acid between the two 
phases of blood. 

In freshly drawn blood, concentrations of ascor- 
bic acid never exceed 35, rarely 20 mgm. per liter, 
unless they are intentionally raised for experi- 
mental purposes. In vivo, as stated before, distri- 
bution ratios, expressed as concentration in serum : 
concentration in cells, are always less than 1.0. 
Ratios greater than 1.0 may be produced by the 
administration of large doses of ascorbic acid; but 
only transiently, because of the transfer to cells 
and the rapid elimination by the kidneys which sets 
in when the concentration in the serum surpasses 
about 14 mgm. per liter. 

If a curve were drawn to represent the trend 
of all the observations in Figure 2, it would not 
be possible to determine with any certainty the 


trend of distribution ratios at high concentrations. 
In the experiments recorded in this figure the 
maximum concentration attained in cells, when the 
concentration in serum had been raised to 750 
mgm. per liter of water, was approximately 160 
• mgm. per liter of water. No further increase in 
concentrations in the cells could be detected when 
the concentrations in serum were increased to 
about 900 mgm. However, at these concentra- 
tions filtrates must be diluted about 100 times for 
analysis. The error of the method, therefore, 
prohibits exact estimations. For this reason it is 
impossible to decide whether 160 mgm. per liter 
of water actually represent the maximal load which 
cells will assume. The general trend of the obser- 
vations does suggest, however, that the concentra- 
tions in cells approach a limit. 

As concentrations diminish, the curve describ- 
ing the distribution of points seems to approach 
the origin. This is substantiated by observations 
of Butler and Cushman (4), who reported mini- 
mal concentrations of ascorbic acid both in cells 
and serum in patients with scurvy or prolonged 
vitamin C deficiency. Saturation is characterized 
by high concentrations of ascorbic acid in both 
phases of blood (5) ; scurvy by its almost com- 
plete absence in serum as well as in cells (4). 

Passage of ascorbic acid from cells to serum 
was not observed under conditions in which its 
concentration was definitely higher in cells than 
in serum. Transfers from serum to cells ap- 
peared to be associated with some metabolic ac- 
tivity of the cells, since they took place at 37° C., 
but not at 7° C. But variations of temperature 
or increasing concentrations in cells to values as 
high as 140 mgm. per liter of water had no power 
to move the vitamin in the other direction, from 
cells to serum. Ascorbic acid, therefore, seems to 
form a combination with some substance or sub- 
stances within the cells from which it cannot be 
released by any measures thus far discovered. A 
similar conclusion has been reached by Reedman 
and McHenry (11), Fujita and Ebihara (12) and 
Holtz and Walter (13) concerning the state of 
the vitamin in plant and animal tissues. These 
authors assume that it is combined with protein. 
Levine, Marples and Gordon (14), from studies 
on infants have concluded that the metabolism of 
aromatic amino acids depends upon the quantities 
of ascorbic acid stored in the body. 
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The avidity of cells for ascorbic acid and their 
stubborn retention of the substance in vitro con- 
form well to what is known of their behavior in 
the body. Individuals have tolerated deprivation 
of vitamin C for 42 (4), 94 (15) and 160 (16) 
days without the appearance of any signs of scurvy. 
Butler and Cushman (4) noted that the concen- 
tration of ascorbic acid in the serum diminished 
rapidly early in the course of vitamin C depriva- 
tion, while the concentrations in the cells de- 
creased considerably later, and gradually. The 
granulocytes — and possibly platelets — retained as- 
corbic acid longer than red cells. If ascorbic acid 
cannot pass from cells to scrum this would indi- 
cate that ascorbic acid is metabolized or destroyed 
more rapidly in erythrocytes than in granulocytes. 

The principles that govern the distribution and 
transfer of ascorbic acid in blood provide an ade- 
quate explanation for the fact already established, 
that the amounts of ascorbic acid in the body can 
be better estimated from analyses of whole blood 
than from analyses of serum (4, 5). Concentra- 
tions in cells cannot be neglected. In Table IV of 
Butler and Cushman's (4) paper there are five 
instances in which, without scurvy, plasma was 
free from ascorbic acid. Yu (18) reported that 
with equally low vitamin C concentrations (less 
than 2 mgm. per liter of plasma) some persons 
had manifest scurvy while others were apparently 
healthy. Under similar circumstances, in our ex- 
perience, an explanation for the discrepancy has 
been found by analyses of whole blood. 

Passage of ascorbic acid from serum to cells 
was lacking in a blood with an abnormally low 
serum concentration. A similar observation was 
omitted from our previous report (1) because it 
was made at the very beginning of this investi- 
gation when the experimental technique was not 
yet perfected. Transfer of ascorbic acid did not 
fake place either in blood, in the serum of which 
it had been destroyed experimentally. Cells were 
found to lose the ability to take up ascorbic acid 
not immediately after being placed in “ prepared 
serum” but only progressively in the course of 
2 hours. Except for this observation that the 
re action is not an instantaneous one, the effect of 
low concentrations of ascorbic acid in the environ- 
ment upon the membrane, metabolic activity or 


physicochemical status of cells cannot even be 
intimated. It may be correlated with observa- 
tions by van Eekelen (15) who found that the 
amounts of vitamin C daily metabolized dimin- 
ished as the stores in the body decreased. Since 
concentrations diminish more rapidly in serum 
than in cells, and since low serum concentrations 
impair the ability of cells to take up ascorbic acid, 
it does not seem inconceivable that the metabolism 
of ascorbic acid in tissue cells like that in blood 
cells depends upon concentrations in serum. 4 

In the example just discussed, the influence of 
serum upon cell function was related to concen- 
trations of ascorbic acid in the former; the effect 
of incubated serum upon cell volumes cannot be 
correlated with any known factor. 

SUMMARY AND CONCLUSIONS 

(1) Amounts of ascorbic acid transferred from 
serum to cells were estimated from concentrations 
in the former removed from whole blood imme- 
diately and at certain intervals after the addition 
of ascorbic acid. 

(2) As concentrations in serum decrease, the 
amounts transferred to and the concentrations 
attained in cells also diminish. 

(3) Distribution ratios are greater than unity 
above serum concentrations of about 35 mgm. per 
liter of water, smaller than unity below this con- 
centration. The partition of ascorbic acid in both 
phases of blood is not governed by simple dif- 
fusion. 

(4) Ascorbic acid is not transferred from cells 
to serum when the former contain concentrations 
significantly higher than the latter, either at 37° 
C. or at 7° C. Ascorbic acid appears to be irre- 
versibly combined with some intracellular sub- 
stance or substances. 

(5) The magnitude of concentrations of as- 
corbic acid in serum seems to affect the cellular 
functions involved in the mechanism of transfer 
of added ascorbic acid. No uptake occurred when 
cells, prior to addition, were kept in serum with 
low concentrations of ascorbic acid. 


4 Differences in the rate of uptake by different tissues 
(19) or with regard to dehydroascorbic acid and its 
reduced form (20) would not contradict this inference. 
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The mode of action of vitamin D in the preven- 
tion and cure of rickets is still not understood. In 
1921, Howland and Kramer (1) pointed out that 
the concentration of phosphorus in the serum was 
usually reduced in human rickets, at times to very 
low levels, although the concentration of calcium 
might be within normal limits. This has been 
confirmed repeatedly and it has been found that 
the administration of vitamin D results in a 
prompt rise in the concentration of phosphorus, 
even to abnormally high levels with excessive dos- 
age. The mechanism through which vitamin D 
influences the concentration of phosphorus in the 
body fluids has not been satisfactorily explained. 
In balance experiments in man (2, 3) and experi- 
mental animals (4) it has been shown that during 
states of vitamin D deficiency absorption of cal- 
cium and phosphate from the intestinal tract is 
reduced and that the administration of vitamin D 
increases the absorption of these ions. In the rat, 
the studies of Nicolaysen (5) have indicated that 
in the absence of vitamin D the absorption of 
calcium is primarily diminished and that the ab- 
sorption of phosphate is only secondarily affected. 
Careful examination of the data from metabolic 
studies in the rachitic infant leads to the conclusion 
that deficient absorption of phosphate from the in- 
testinal tract cannot wholly explain the diminished 
concentration of phosphate in the plasma. In in- 
fants developing rickets on a cow’s milk diet, i.e., 
a diet high in both calcium and phosphorus, the 
amount of phosphate absorbed from the intestinal 
tract would be sufficient for the needs of the in- 
fant were the phosphate retained rather than ex- 
creted in the urine. 

The excretion of phosphate in the urine must 
play an important role in the regulation of the 
concentration of phosphate in the body fluids. 

1 Read in abstract before the Society for Pediatric Re- 
search, May 1, 1940. 


How is the renal excretion of phosphate con- 
trolled and does vitamin D influence the concen- 
tration of phosphate in the blood plasma through 
an effect on the excretion of this ion by the kid- 
neys? The present experiments were conducted 
to answer these questions. 

The Renal Excretion of Phosphate 

Walker (6) and Walker and Hudson (7) have 
shown that the phosphate of the plasma is fil- 
trable through the glomerular membranes of the 
amphibian. These workers have also found that 
under certain conditions active reabsorption of 
phosphate takes place in the proximal tubules so 
that the urine in the distal tubules and bladder may 
be almost phosphate- free. There was no evidence 
that phosphate was secreted into the lumen of the 
tubules. 

In the dog, Pitts (8) has shown that the clear- 
ance of phosphate increases as the concentration 
of phosphate in the plasma increases and ap- 
proaches the xylose clearance at very high levels 
of plasma phosphate. At normal levels of phos- 
phate in the blood plasma the urine may be almost 
phosphate-free and the excretion of phosphate in 
the urine is only a small fraction of that filtered 
through the glomeruli. In the mammalian kid- 
ney, therefore, reabsorption of phosphate must 
also take place as the glomerular filtrate passes 
through the renal tubules. 

In order to study this tubular reabsorption of 
phosphate quantitatively, simultaneous determina- 
tions of the creatinine and phosphate clearances 
were made in the dog following the intravenous 
injection of phosphate salts. 

methods 

Female dogs fed standardized diets were used for the 
experiments. The studies of phosphate excretion were 
made about 18 to 20 hours after the last feeding. The 
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animals were unanesthetized and lay comfortably on the 
animal board with loose restraints. A solution of 0.1 
molar sodium phosphate of approximately pH 7.4 was 
injected intravenously in a dosage of 7 to 10 cc. per kilo- 
gram of body weight, together with creatinine (0.3 gram 
per kgm.). In most of the experiments 300 cc. of water 
were given by stomach tube in order to increase the 
urine volume, thus making the collections more accurate. 
The animals were catheterized and urine was collected 
quantitatively during successive periods of 10 to 20 min- 
utes each. The bladder was washed with measured vol- 
umes of distilled water at the end of each period. Re- 
peated blood samples were taken from the external 
jugular vein during the periods of urine collection. All 
analyses were done on the separated serum and the same 
analytical methods were used for serum and urine. 
Creatinine was determined by the usual Jaffe reaction 
(9) ; inorganic phosphate, by the Fiske and Subbarow 
method (10). A photoelectric colorimeter was used. 

In order to calculate the clearances of creatinine and 
phosphate, the concentrations as determined in the serum 
were plotted on semi-logarithmic paper and the concen- 
trations at the mid-point of each period obtained from 
the curve. The plasma clearances were then calculated 

by the usual formula C = It has been demon- 
strated that the creatinine clearance in the dog can be 
used as a measure of the rate of glomerular filtration 
(11). If the plasma phosphate is completely filtrable 
through the glomeruli, the differences between the clear- 
ances of creatinine and those of phosphate measure the 
rate of reabsorption of phosphate by the renal tubules. 

Following the injection of phosphate salts it has been 
shown, however, that a colloidal phosphate complex is 
formed which is not filtrable through collodion mem- 
branes (12). This non-ultrafiltrable fraction of the 
phosphate rapidly disappears from the plasma if no 
further phosphate is given. Repeated studies of the fil- 
trability of the serum phosphate through collodion mem- 
branes were made following the intravenous injection 
of sodium phosphate in the amounts described above. 
The membranes were prepared by the method of Green- 
berg and Gunther (13) and the apparatus used for ultra- 
filtration was that described by Benjamin and Hess (14). 
The results of such experiments are shown in Table I. 

It may be seen that soon after the concentra- 
tion of phosphate in the plasma is raised by the 
intravenous injection, an appreciable fraction of 
the inorganic phosphate is not filtrable through 
collodion. In about 60 to 90 minutes, however, 
the phosphate is again completely or almost com- 
pletely filtrable. This is true even in the experi- 
ments in which the serum calcium was raised 
above the normal value by the administration of 
vitamin D or parathyroid extract. In the studies 
of renal function, the determinations of the clear- 
ances of phosphate were started 60 minutes fol- 


TABLE i 


Filtrability of plasma inorganic phosphate through collodion 
membranes following intravenous injection of 
sodium phosphate 


Experi- 

ment 

Scrum 

calcium 

Time 

elapsed 

Phosphate 

Filtrable 

Plasma 

water 

Ultra- 

filtrate 


mRtn, per 
100 ec . 

mimilcs 

m^m. per 
100 cc. 


Per cent 

1 

9.0 

82 

10.8 

9.9 

92 



163 

9.9 

9.8 

99 

2 

10.5 

21 

9.2 

8.1 

88 



50 

7.0 

6.9 

99 



95 

6.1 

5.9 

97 



144 

6.2 

5.8 

94 

3* 

11.9 

63 

8.4 

8.0 

95 



97 

5.9 

6.0 

100 

4* 

14.6 

63 

8.6 

7.2 

84 



97 

6.5 

6.1 

94 



136 

5.9 

6.0 

100 



177 

5.3 

5.3 

100 

St 

14.5 

31 

10.6 

8.0 

76 


71 

6.9 

6.7 

97 



111 

6.5 

6.1 

95 

6t 

16.0 

63 

7.4 

6.5 

88 


96 

5.6 

4.9 

89 



134 

5.0 

5.1 

100 



178 

4.9 

5.0 

100 


* Following administration of vitamin D. 

t Following administration of dihydrotachysterol (A. 

T. 10). 

J Parathyroid extract 2 cc. injected preceding day. 

lowing the intravenous injection of phosphate 
salts and continued for about 2 hours. After this 
interval the plasma phosphate is essentially com- 
pletely filtrable through collodion membranes and 
it is assumed that it is also completely filtrable 
through the glomerular membranes. 

The results of typical experiments are shown in 
Tables II, III and IV. The creatinine clearances 
are seen to remain relatively constant in the suc- 
cessive periods. The clearances of phosphate, 
however, decrease as the concentration of phos- 
phate in the plasma decreases and in some cases 
the excretion of phosphate in the urine may be 
reduced almost to zero. If the creatinine clear- 
ance be taken as the rate of glomerular filtration, 
since the concentration of phosphate in the plasma 
is known, the amount of phosphate filtered 
through the glomeruli per minute may be calcu- 
lated. The quantity of phosphate reabsorbed by 
the renal tubules is obtained by subtraction of the 
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TABLE II 


The reabsorptior. cf phosphate by the renal tubules 
(Dor B. Weight 9.6 kgm.) 


Pe- 

riod 

Total 

elated 

time 

Urine j 
volume! 

Creat- 

inine 

clear- 

ance 

Plasma 

pbo*- 

phate 

Phcn- | 
phatc j 
clear- 
ance 

i 

Phosphate 

Fil- 

tered 

F.x- 
creted 1 

Reab- 

sorbed 



u. j 

cc. 1 

rrfrr. 

cc, ! 





rtinuUs 

Per 

fer 

frr 

fCT \ 

n gm. per rmr.ute 



rtwa/c 

rarririrj 

100 cc. 

minute' 





0 


400 c< 

water by stomach tube 


1 

60-70 

1.9 | 

| 35.0 | 

! 4.6 1 

1 5.7 j 

1 1.61 

1 0.26 1 

[ 1.35 


72-S0 

125 

i cc. 0. 

1 M phosphate intravenously 

2 

120-140 

1.8 | 

38.5 

9.4 1 

[ 23.2 

3.62 | 

2.18 1 

1.44 

3 

140-160] 

0.55 1 

31.0 

7 J 

15.5 

2.26 | 

1 .13 

1.13 

4 

160-170 

0.8 

36.0 

6.6 

17.0 

2 .38 i 

1.12 

1.26 


table hi 

The r cab sorption of phosphate by the renal tubules 
(Dor A* Weight 7.7 kgm.) 


Pe- 

riod 

III 

*» 

Urine 

vol- 

ume 

Creat- 

inine 

clear- 

ance 

Plasma 

phos- 

phate 

Phos- 

phate 

clear- 

ance 

Phosphate 

Fil- 

tered 

Ex- 

creted 

Reab- 

sorbed 



cc. 

cc. 

n£«. 

cc. 





yr.ir.utcs 

per 

Per 

per 

Per 

mgtn. fer minute 



minute 

minute 

100 cc. 

minute 




1 

0-10 


23.5 

3.3 i 

2.4 

0.78 1 0.08 

0.70 


12-20 

100 

i cc. 0. 

M phosphate intravenously 

2 

70-90 

1.45 

| 26.2 

6.5 

14.0 

1.70 

0.91 

0.79 

3 

90-110 

0.45 

22.3 

5.5 

9.8 

1.23 

0.54 

0.69 

4 

110-130 

0.25 

22.7 

5,0 

8.8 

1.14 

0.44 

0.70 

5 

130-150 

0.20 

22.6 

4.6 

7.4 

1.04 

0.34 

0.70 

6 

150-170 

0.20 

23.9 

4.5 

6.0 

1.08 

0.27 

0.81 

7 

170-190 

0.20 

23.0 

4.4 

5.0 

1.01 

0.22 

0.79 


amount excreted in the urine from the amount 
filtered. If such calculations are made, it may 
seen that the tubular reabsorption of phosphate 
^pressed as milligrams of phosphorus per min- 
is essentially constant and is not influenced 
fiy the elevation of the concentration of phosphate 
m the serum. In many of the experiments the 
calculated tubular reabsorption of phosphate is 
icund to vary to some extent with fluctuations 
ln the creatinine clearance, suggesting that the 
Absorption of phosphate is in part affected by 
changes in the filtration rate. The present ex- 
periments cannot answer this point since the tubu- 
a . r absorption of phosphate is determined in- 
Ir ectly. Any errors in the determination of the 
Cr eatinine clearance would produce an error in the 
^me direction in the calculation of the phosphate 

Absorption. 


If the tubular reabsorption of phosphate re- 
mains constant as the concentration of phosphate 
in the plasma decreases, a concentration should 
be reached at which the quantity filtered equals 
the quantity reabsorbed and no phosphate should 
be excreted in the urine. This estimated con- 
centration of phosphate will be termed the equi- 
librium concentration and may be calculated by 

the following formula: Cz—~Xl 00, where 

Cz is the equilibrium concentration, T m is the 
maximal rate of reabsorption of phosphate and F, 
the rate of glomerular filtration. The reabsorp- 
tion of phosphate by the renal tubules may not be 
complete and traces may be present fn the urine 
at concentrations of phosphate in the plasma below 
the calculated equilibrium concentration. In the 
dog, at least, in those experiments in which the 
concentration of phosphate in the plasma de- 
creased to the calculated equilibrium value, the 
excretion of phosphate in the urine dropped to 
less than 0.002 milligrams per minute, indicating 
that less than 0.1 per cent of the phosphate fil- 
tered escaped reabsorption. 

The rate of reabsorption of phosphate is not 
affected by water diuresis. In these experiments 


TABLE IV 

The reabsorption of phosphate by the renal tubules 
(Dor C. Weight 9.9 kgm.) 


Pe- 

riod 

Total 

Urine 

Creat- 

inine 

clear- 

ance 

Plasma 

Phos- 

phate 

clear- 

ance 

Phosphate 

elapsed 

time 

vol- ] 
ume 

phos- 

phate 

Fil- 

tered 

1 Ex ~ 
creted 

Reab- 

sorbed 



cc. 

cc. 

mgm. 

cc. 





minutes 

per 

minute 

per 

minute 

Per 

100 cc, 

per 

minute 

mgm 

t. per minute 


EXPERIMENT I 



0-10 

75 

cc. 0.1 M phosphate intravenously 

1 

50-70 

0.45 

43.3 

9.8 

7.6 

4.24 

0.74 

3.50 

2 

70-90 

0.9 

42.3 

9.4 

5.1 

3.97 

0.48 

3.49 

3 

90-110 

1.9 

43.4 

9.2 

5.0 

3.99 

0.46 

3.53 

4 

110-130 

1.8 

43.1 

9.0 

4.1 

3.88 

0.37 

3.51 

5 

130-150 

1 1.3 

40.6 

8.9 

2.6 

3.61 

1 

0.23 

3.38 


EXPERIMENT II 



0-10 

75 cc. 0.1 M phosphate intravenously 

i 

55-75 

0.1 

39.5 

9.5 

3.1 

3.75 

0.29 

3.46 

2 

95-115 

0.2 

38.7 

9.0 

1.2 

3.48 

0.11 

33 7 

3 

115-135 

0.15 

35.7 

8.9 

0.5 

3.18 

0.04 

3.14 

4 

135-155 

. 

0.35 

41.3 

8.8 

0 

3.63 

0 

3.63 
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the rate of urine excretion was varied from 0.1 to 
5 cc. per minute without significant changes in 
the tubular reabsorption of phosphate. This is 
in accord with previous reports that the urinary 
excretion of phosphate is not increased by water 
diuresis (15). 

In experiments in the young dog extending over 
many months, variations in the renal clearances 
of phosphate are observed which are apparently 
related to age. The concentration of plasma in- 
organic phosphate in the young dog is much 
higher than that in the adult animal. This is 
similar to the findings reported in man. Ander- 
son and Elvehjem (16) have also recently found 
that the concentration of plasma inorganic phos- 
phate in the dog decreases with age. Comparative 
studies of the creatinine clearances and renal tubu- 
lar reabsorption of phosphate in dogs from 2 to 


table v 

The influence of age upon the concentration of phosphate in the 
serum and the renal tubular reabsorption of phosphate 





Creat- 

Phos- 

Equilib- 

rium 

Serum * 

Dos 

Age 

Weight 

inine 

phate re- 

phos- 




clearance 

absorbed 

tration 

phorus 


months 

kgm. 

cc. per 
minute 

mgm. per 
minute 

mgm. pc 

r 100 cc. 

A 

4 

5.7 




9.6 


17 

7.7 

23.3 

0.94 

4.0 

4.7 

B 

4 





7.3 


13 

9.0 

31.1 

1.43 

4.6 

4.9 


20 

9.7 

29.9 

1.25 

4.2 

4.6 


27 

9.7 

32.9 

1.04 

3.2 

3.4 

C 

3 

7.7 

29.1 

2.30 

7.9 

7.7 


7 

9.9 

42.5 

3.48 

8.2 

8.2 

J 

8 

10.6 

43.9 

3.46 

7.9 

7.7 


10 

10.9 

43.2 

2.66 

6.2 

6.7 


12 

10.7 

38.2 

1.79 

4.7 

5.9 

D 

2| 

8.5 

44.0 

4.22 

9.6 

8.4 


* Blood taken 18 hours after last feeding. 


27 months of age are shown in Table V. In the 
young animal the rate of tubular reabsorption of 
phosphate is greater in proportion to the rate of 
glomerular filtration than in the adult dog. In 
dog C during the latter part of the first year of 
life, at which time the filtration rate has reached 
a relatively constant level, there is a decrease in 
the rate of tubular reabsorption of phosphate 
from the maximum values, and the calculated 
equilibrium concentration of phosphate decreases 


markedly. The data for dog B indicate that there 
is a gradual decrease in the rate of tubular reab- 
sorption of phosphate during the second year of 
life, with no change in the filtration rate. In 
most of the experiments the concentrations of 
phosphate in the fasting state approximate the 
calculated equilibrium concentration. 

The effect of vitamin D upon the renal excretion 
of phosphate 

A 6-week old female collie puppy was placed 
on a vitamin D free diet, low in both calcium 
and phosphorus. The composition of the diet 
was a modification of that described by Morgan 
(17). At the age of 20 weeks rachitic changes 
in the bones could be demonstrated by roentgeno- 
gram. The concentrations of calcium and phos- 
phorus in the serum were both reduced. During 
the period of active rickets repeated studies of 
the tubular reabsorption of phosphate were car- 
ried out as described in the preceding section. 
The animal was then given 20,000 units vitamin 
D in the form of irradiated ergosterol each day 
for 3 days, totaling 60,000 units. On the fourth 
day, studies of the renal function were done and 
repeated at intervals of 1 to 2 weeks thereafter 


TABLE VI 

The effect of vitamin D upon the renal tubular reabsorption 
of phosphate in the rachitic dog 


Date 


Creat- 

inine 

clearance 


Phos- 
phate re- 
absorbed 


Equilib- 

rium 

concen- 

tration 


Serum 


Phos- 

Cal- 

phorus 

cium 


1939 

October 2 

October 26 

November 29 . 
December 22. . 

1940 

January 8 . . . . 
January 22 . . . 
February 12 . . 
February 13 . . 
February 14. . 
February 15 . . 
February 28 . . 

March 27 

April 25 

June 3 

June 16 

June 17 

June 28 


cc. per 
minute 


mgtn . per \ 
minute 


mgtn. per \ 
100 cc. 


Rachitogenic diet started — age 

8.8 


mgm. per 100 cc. 

J weeks 
10.6 


29.1 

2.30 

7.9 

7.7 

37.9 

2.56 

6.8 

6.2 

43.1 

2.40 

5.6 

5.7 

45.4 

2.56 

5.6 

6.0 


20,000 units vitamin V 


20,000 units vitamin D 


20,000 units vitamin D 

40.7 

3.87 

9.5 

9.0 

43.1 

3.47 

8.1 

8.2 

44.1 

3.46 

7.9 

7.4 

45.0 

3.19 

7.1 

7.2 

50.2 

3.12 

6.2 

6.6 


80,000 units vitamin V 

49.9 

3.49 

7.0 

6.6 

45.3 

2.91 

6.4 

6.7 


12.7 

8.5 


8.4 

7.6 


9.0 

10.5 

9.6 

8.5 

8.6 

9.3 

10.2 
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SERUM CO 11.0 10.4 12.4 12.2 14.3 12.5 10.5 If. I 

mgm./ioo cc. 

A 



VITAMIN D UNITS 


200,000 
100 , 00 £ 



SERUM 
PHOSPHORUS, 
mgm./lOO cc. 



Fig. 1. The Effect of Vitamin D on Tubular Reabsorption of Phosphate— Mature Dog B 

Columns represent the average tubular reabsorption of phosphate — expressed as mgm. of phosphorus per 
minute. 

O Concentration of serum phosphorus in fasting state. 

A Calculated <f equilibrium concentration ” of phosphate expressed as mgm. phosphorus per 100 cc. 


without any further treatment with vitamin D. 
The results are shown in Table VI. In this and 
succeeding tables, the data for each experiment 
represent the average of 5 or 6 successive periods 
of 20 minutes each. 

It is evident that following the administration 
of vitamin D, there is a marked increase in the 
rate of reabsorption of phosphate by the renal tu- 
bules. The creatinine clearances remain un- 
changed. The calculated equilibrium concentra- 
tion of phosphate is therefore increased from 6 
mgm. per 100 cc. during the rachitic state to 9.5 
mgm. per 100 cc. following treatment with vita- 
min D. The concentrations of phosphorus in the 
serum during the postabsorptive state parallel 
closely this calculated value. The data indicate 
that in these experiments the effect of vitamin D 
in raising the concentration of phosphorus in the 
serum is due to its action on the tubular reabsorp- 
tion of phosphate, preventing loss of phosphate in 
the urine. The effect of the treatment with 60,000 
units of vitamin D is seen to persist for several 
:months with a gradual decrease in the rate of 


tubular reabsorption of phosphate, until the pre- 
treatment level was reached. At this time further 
treatment with vitamin D was again effective in 
increasing the reabsorption of phosphate by the 
renal tubules, but to a much slighter extent than 
previously. 

A second dog was studied in similar manner 
except that the animal was not started on the vita- 
min D free diet until 3 or 4 months of age and 
no evidences of rickets were demonstrated by 
roentgenogram. The animal had already become 
sexually mature before the renal function studies 
were done. Following the administration of vita- 
min D, however, an increase in the reabsorption 
of phosphate by the renal tubules was also found 
with an associated increase in the concentration of 
phosphate in the serum as shown in Figure 1. 
This effect could be demonstrated 24 hours after 
the animal had been given a single large dose of 
vitamin D (200,000 units). Following the ad- 
ministration of a total of 800,000 units of vitamin 
D, a still greater effect upon the renal tubular rc- 
absorption of phosphate was found. With this 
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the rate of urine excretion was varied from 0.1 to 
5 cc. per minute without significant changes in 
the tubular reabsorption of phosphate. This is 
in accord with previous reports that the urinary 
excretion of phosphate is not increased by water 
diuresis (15). 

In experiments in the young dog extending over 
many months, variations in the renal clearances 
of phosphate are observed which are apparently 
related to age. The concentration of plasma in- 
organic phosphate in the young dog is much 
higher than that in the adult animal. This is 
similar to the findings reported in man. Ander- 
son and Elvehjem (16) have also recently found 
that the concentration of plasma inorganic phos- 
phate in the dog decreases with age. Comparative 
studies of the creatinine clearances and renal tubu- 
lar reabsorption of phosphate in dogs from 2 to 


TABLE v 

The influence of age upon Ike concentration of phosphate in the 
serum and the renal tubular reabsorption of phosphate 


Dog 

Age 

Weight 

Creat- 

inine 

clearance 

Phos- 1 
phate re- 
absorbed: 

Equilib- 

rium 

concen- 

tration 

Serum * 
phos- 
phorus 


months 

kgm. 

cc. per 
minute 

mgm. per 
minute 

mgm. pc 

r 100 cc. 

A 

4 

5.7 




9.6 


17 

7.7 

23.3 

0.94 

4.0 

! 

4.7 

B 

4 





7.3 


13 

9.0 

31.1 

1.43 

4.6 

4.9 


20 

9.7 

29.9 

1.25 

4.2 

4.6 


27 

9.7 

32.9 

1.04 

3.2 

3.4 

C 

3 

7.7 

29.1 

2.30 

7.9 

7.7 


7 

9.9 

42.5 

3.48 

8.2 

8.2 


8 

10.6 

43.9 

3.46 

7.9 

7.7 


10 

10.9 

43.2 

2.66 

6.2 

6.7 


12 

10.7 

38.2 

1.79 

4.7 

5.9 

D 

2\ 

8.5 

44.0 

4.22 

9.6 

8.4 


* Blood taken 18 hours after last feeding. 


markedly. The data for dog B indicate that there 
is a gradual decrease in the rate of tubular reab- 
sorption of phosphate during the second year of 
life, with no change in the filtration rate. In 
most of the experiments the concentrations of 
phosphate in the fasting state approximate the 
calculated equilibrium concentration. 

The effect of vitamin D upon the renal excretion 
of phosphate 

A 6-week old female collie puppy was placed 
on a vitamin D free diet, low in both calcium 
and phosphorus. The composition of the diet 
was a modification of that described by Morgan 
(17). At the age of 20 weeks rachitic changes 
in the bones could be demonstrated by roentgeno- 
gram. The concentrations of calcium and phos- 
phorus in the serum were both reduced. During 
the period of active rickets repeated studies of 
the tubular reabsorption of phosphate were car- 
ried out as described in the preceding section. 
The animal was then given 20,000 units vitamin 
D in the form of irradiated ergosterol each day 
for 3 days, totaling 60,000 units. On the fourth 
day, studies of the renal function were done and 
repeated at intervals of 1 to 2 weeks thereafter 


TABLE VI 


The effect of vitamin D upon the renal tubular reabsorption 
of phosphate in the rachitic dog 


Date 


1939 

October 2 

October 26. . . . 
November 29 . 
December 22. . 


Creat- 

inine 

clearance! 


cc. per 
minute 


Phos- 
phate re-: 
absorbed 


mgtn. per\ 
minute 


Equilib- 

rium 

concen- 

tration 


mgm . per \ 
100 cc. 


Serum 


Phos- 

phorus 


Cal- 

cium 


mgtn. per 100 cc . 


Rachitogenic diet started — age 6 weeks 


29.1 
37 Q 


2.30 
7 36 


7.9 

a 


8.8 

7.7 

6.2 


10.6 

12.7 

8.5 


27 months of age are shown in Table V. In the 
young animal the rate of tubular reabsorption of 
phosphate is greater in proportion to the rate of 
glomerular filtration than in the adult dog. In 
dog C during the latter part of the first year of 
life, at which time the filtration rate has reached 
a relatively constant level, there is a decrease in 
the rate of tubular reabsorption of phosphate 
from the maximum values, and the calculated 
equilibrium concentration of phosphate decreases 


1940 

January 8 . . 
January 22 . 
February 12 
February 13 
February 14 
February 15 
February 28 
March 27... 
April 25 . . . . 

June 3 

June 16 ... . 
June 17 ... . 
June 28 ... . 


43.1 

45.4 


2.40 5.6 5.7 

2.56 5.6 6.0 

20,000 units vitamin D 
20,000 units vitamin D 


40.7 

3.87 

9.5 

9.0 

43.1 

3.47 

8.1 

8.2 

44.1 

3.46 

7.9 

7.4 

45.0 

3.19 

7.1 

7.2 

50.2 

3.12 

6.2 

6.6 


80,000 units vitamin U 

49.9 

3.49 

7.0 

6.6 

45.3 

2.91 

6.4 

6.7 


8.4 

7.6 


9.0 

10.5 

9.6 

8.5 

8.6 

9.3 

10.2 
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SERUM Co 1 1.0 

mgm./lOO cc. 


10.4 12.4 12.2 


14.3 12.5 

A 


10.5 I U 



VITAMIN D UNITS 
200 , 000 — 
ioo.oooC 


jm. 


SERUM 
PHOSPHORUS, 
mgm./l00 ca 
— . 8 .0 


[7.0 

6.0 

5.0 

4.0 

3.0 


Fxc. 1 . The Effect of Vitamin D on Tubular Rearsorption of Phosphate— Mature Dog B 

Columns represent the average tubular reabsorption of phosphate — expressed as mgm. of phosphorus per 
minute. 

©Concentration of serum phosphorus in fasting state. 

A Calculated “ equilibrium concentration ” of phosphate expressed as mgm. phosphorus per 300 cc. 


without any further treatment with vitamin D, 
The results are shown in Table VI. In this and 
succeeding tables, the data for each experiment 
represent the average of 5 or 6 successive periods 
of 20 minutes each. 

It is evident that following the administration 
of vitamin D, there is a marked increase in the 
rate of reabsorption of phosphate by the renal tu- 
bules. The creatinine clearances remain un- 
changed. The calculated equilibrium concentra- 
tion of phosphate is therefore increased from 6 
per 100 cc. during the rachitic state to 9.5 
ragm. per 100 cc. following treatment with vita- 
min D. The concentrations of phosphorus in the 
serum during the postabsorptive state parallel 
closely this calculated value. The data indicate 
that in these experiments the effect of vitamin D 
m rising the concentration of phosphorus in the 
serum is due to its action on the tubular reabsorp- 
bon of phosphate, preventing loss of phosphate in 
t e urine. The effect of the treatment with 60,000 
units of vitamin D is seen to persist for several 
months with a gradual decrease in the rate of 


tubular reabsorption of phosphate, until the pre- 
treatment level was reached. At this time further 
treatment with vitamin D was again effective in 
increasing the reabsorption of phosphate by the 
renal tubules, but to a much slighter extent than 
previously. 

A second dog was studied in similar manner 
except that the animal was not started on the vita- 
min D free diet until 3 or 4 months of age and 
no evidences of rickets were demonstrated by 
roentgenogram. The animal had already become 
sexually mature before the renal function studies 
were done. Following the administration of vita- 
min D, however, an increase in the reabsorption 
of phosphate by the renal tubules was also found 
with an associated increase in the concentration of 
phosphate in the serum as shown in Figure 1. 
This effect could be demonstrated 24 hours after 
the animal had been given a single large dose of 
vitamin D (200,000 units). Following the ad- 
ministration of a total of 800,000 units of vitamin 
D, a still greater effect upon the renal tubular re- 
absorption of phosphate was found. With this 
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dosage a marked hypercalcemia developed. Fol- 
lowing cessation of treatment, the renal tubular 
reabsorption of phosphate rapidly fell to the pre- 
vious levels and the concentration of serum phos- 
phorus in the fasting state likewise decreased. 
With the dosage of vitamin D used no effect upon 
the creatinine clearances was noted. However, 
in another dog given 1,600,000 units of vitamin 
D over a period of 8 weeks, the creatinine clear- 
ance decreased from approximately 25 cc. per min- 
ute to 15 cc. per minute. This effect upon glo- 
merular filtration was not apparently associated 
with permanent injury to the kidney since the 
creatinine clearance again returned to normal lev- 
els following cessation of treatment. With the 
administration of excessive amounts of vitamin D 
to dogs, Goormaghtigh and Handovsky (18) have 
described anatomical changes in the kidney and 
hypertension. Although vitamin D is extremely 
effective in increasing the tubular reabsorption of 
phosphate in the growing dog depleted of vitamin 
D, only a slight effect may be produced upon the 
renal tubular reabsorption of phosphate in the 
normal adult animal, even though extremely large 
amounts, sufficient to raise the serum calcium to 
abnormally high levels, are given. In agreement 
with these observations are the reports that in the 
adult human as well as in the adult dog the con- 
centration of phosphorus in the plasma is increased 
but slightly following the administration of vita- 
min D (19). 

The effect of parathyroid extract on renal tubular 
reabsorption, of phosphate 

Many workers have attempted to correlate the 
physiological actions of vitamin D with those of 
the parathyroid hormone. Although both vitamin 
D and parathyroid extract produce an increase in 
the concentration of calcium in the serum, their 
effects upon the concentration of phosphate are 
diametrically opposite. Studies of the effects of 
parathyroid extract upon renal tubular reabsorp- 
tion of phosphate are shown in Tables VII and 
VIII. 

In each of the experimental animals a marked 
decrease in the renal tubular reabsorption of phos- 
phate was found following the injection of para- 
thyroid extract. No change in the creatinine 
clearance was noted with the amount of para- 


TABLE VII 


Effect of parathyroid extract on renal tubular reabsorption 
of phosphate 


1 

Treatment 

Creat- 

inine 

clearance 

Phos- 
phate re- 
absorbed 

Equilib- 

rium 

concen- 

tration 

Serum 

Phos- 

phorus 

Cal- 

cium 


cc . per 
minute 

mgm, per 
minute 

mgm. per 
100 cc. 

mgm. per 100 cc. 


Dog A 


Control 

23.5 

0.89 

3.8 

4.1 

11.0 

Parathyroid 
extract 2 cc.* 

25.2 

0.57 

2.3 

3.0 

14.1 


Dog B 


Control 

30.9 

1.37 

4.4 

4.6 

10.5 

Parathyroid 
extract 4 cc.* 

30.9 

0.89 

2.9 

4.0 

14.7 


* Given subcutaneously in divided doses the day pre- 
ceding the experiment. 


TABLE VIII 


The effect of parathyroid extract on the renal tubular 
rcabsorplion of phosphate in rachitic dog 




Creat- 

Phos- 

phate 

reab- 

sorbed 

Equi- 

librium 

Serum 

Date 

Treatment 

ininc 

clear- 

ance 

con- 

centra- 

tion 

Phos- 

phorus 

Cal- 

cium 



cc. 

Per 

minute 

mgm. 

Per 

minute 

mgm. 

per 

100 cc.\ 

mgm. per 
100 cc. 

January 22 

Control 

45.4 

2.56 

5.6 

6.0 

7.6 

January 30 

Parathyroid 

extract 

6 cc.* 

43.3 

2.00 

4.6 

5.3 

j 

9.1 

February 8 

Control 

42.5 

2.55 

6.0 

6.2 

8.4 

February 15 

Vitamin D 
60,000 
units 

40.7 

3.87 

9.5 

9.0 

9.0 


* Given in divided doses during day preceding ex- 
periment. 


thyroid extract used in these experiments. The 
calculated equilibrium concentrations of phos- 
phate were markedly decreased from the control 
values. This effect of parathyroid extract could 
also be demonstrated in the rachitic dog, although 
relatively large amounts of extract were necessary 
to affect the renal excretion of phosphate (Table 
VIII). It may be seen that the already low rate 
of renal tubular reabsorption of phosphate in the 
rachitic dog is decreased still further with an as- 
sociated decrease in the concentration of serum 
phosphorus. In contrast to the effect of para- 
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thyroid extract is shown the result of treatment 
with vitamin D, as previously described. The ob- 
served decrease in the rate of reabsorption of 
phosphate by the renal tubules following the in- 
jection of parathyroid extract explains the re- 
peated observation of the increased urinary excre- 
tion of phosphate and diminished concentration of 
phosphate in the serum produced by treatment 
with parathyroid extract and in states of hyper- 
parathyroidism. Conversely, the very high con- 
centrations of phosphorus in the serum in hypo- 
parathyroidism are presumably the result of in- 
creased tubular reabsorption of phosphate. When 
excessive amounts of parathyroid extract are in- 
jected, a marked decrease in the creatinine clear- 
ance may be observed with a return to normal 
following cessation of treatment. This effect of 
toxic doses of parathyroid extract in diminishing 
glomerular filtration may explain the secondary 
rise in serum phosphorus when excessive doses of 
parathyroid extract are injected. With a consid- 
erable decrease in glomerular filtration and the 
liberation of large amounts of phosphate from 
bone, the serum phosphorus may rise even though 
tubular reabsorption of phosphate is reduced. 

DISCUSSION 

“ The kidneys appear to serve as the ultimate 
guardians of the constitution of the internal en- 
vironment, which they maintain with increasing 
accuracy under most unfavorable circumstances.” 
Peters (20) has thus emphasized the activities of 
the kidneys in preventing loss of essential solutes 
from the body fluids as well as in the elimination 
of substances present in excess. These observa- 
tions apply to the function of the kidney in main- 
taining the concentrations of inorganic phosphate 
in the plasma and other body fluids. The quan- 
tity of phosphate filtered through the glomeruli 
per day is greatly in excess of the phosphate in- 
take. However, the reabsorption of most of the 
phosphate from the glomerular filtrate as it passes 
through the renal tubules prevents the loss of ex- 
cessive quantities of phosphate in the urine and 
thus allows for the maintenance of the normal 
concentrations of phosphate in the body fluids. 

The experiments reported here demonstrate that 
under given conditions there is a maximal rate of 
tubular reabsorption of phosphate. When the 


concentration of phosphate in the plasma is in- 
creased by the administration of phosphate salts, 
the quantity of phosphate filtered in excess of the 
reabsorptive capacity of the tubules is excreted in 
the urine. Shannon and Fisher (21) first demon- 
strated this phenomenon of a limiting maximal 
rate of tubular reabsorption in connection with 
the reabsorption of glucose and other sugars. 
Shannon (22) has postulated the theory that an 
intermediate compound is formed in the renal 
tubule cells which again dissociates, liberating the 
free solute into the body fluids, and that the rate 
of this reaction is the limiting factor in the re- 
absorption of certain solutes by the tubule cells. 

The importance of the renal excretion of phos- 
phate in regulating the concentration of this ion 
in the body fluids is shown clearly by the experi- 
ments reported here. The concentration of phos- 
phate may, of course, be influenced by many fac- 
tors other than the renal excretion, e.g., the avail- 
ability of phosphate for absorption from the 
gastro-intestinal tract, the movement of phosphate 
from the extracellular fluids into the cells or vice 
versa, the precipitation of calcium phosphate in 
the skeleton, or the mobilization of phosphate 
from the bones into the body fluids. At equi- 
librium, however, the concentration of phosphate 
in the plasma approaches the concentration at 
which the rate of reabsorption of phosphate by 
the renal tubules is approximately equal to the 
rate at which phosphate is filtered through the 
glomeruli. 

It has been shown that following the adminis- 
tration of vitamin D there is a rapid increase in 
the tubular reabsorption of phosphate, the rate 
of glomerular filtration remaining unchanged. 
The increased concentration of phosphate in the 
body fluids produced by the administration of 
vitamin D can be explained as the result of this 
effect upon renal tubular function. The work of 
other investigators has shown that vitamin D in- 
fluences the absorption of calcium, and secondarily 
of phosphate, from the intestinal tract. This ac- 
tion of vitamin D in conjunction with its effects 
upon renal function would result in sustained high 
concentrations of both calcium and phosphate in 
the body fluids, a condition favorable for rapid 
calcification. It is probable that the antirachitic 
potency of vitamin D is dependent on this com- 
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bined action on renal tubular function and intes- 
tinal absorption. 

In this connection, cases of rickets which do not 
respond to vitamin D therapy are of considerable 
interest. One group of such cases has been re- 
ported (23) in which the concentration of phos- 
phate in the serum is exceedingly low and is not 
increased by the administration of vitamin D. 
Studies of these patients reveal marked loss of 
phosphate in the urine, despite low concentrations 
of this ion in the blood plasma. These patients 
may also exhibit other evidences of renal dysfunc- 
tion, such as renal glycosuria. Albright, et al 
(24) have reported a case of low phosphorus rick- 
ets refractory to treatment with vitamin D and 
associated with diffuse calcification of the kidneys. 
It is possible that the development of low phos- 
phorus rickets in these cases is due to a failure 
of the renal tubular mechanisms concerned with 
the reabsorption of phosphate and that this tubular 
deficiency is not corrected by the administration of 
vitamin D. It is of further interest that many of 
these patients exhibit a severe chronic acidosis. 
Preliminary studies in the dog have shown that 
following the production of acidosis, the renal tu- 
bular reabsorption of phosphate is greatly dimin- 
ished (25). 

The demonstrated effect of parathyroid extract 
in diminishing the reabsorption of phosphate by 
the renal tubules is in agreement with earlier ob- 
servations that parathyroid extract produces an 
increase in the excretion of phosphate in the urine, 
with a simultaneous decrease in the concentration 
of phosphate in the plasma. This effect may also 
be related to the changes found in rickets. Hyper- 
plasia of the parathyroids has been observed post- 
mortem in cases of severe rickets (26) , and Ham- 
ilton and Schwartz (27) have found evidence of 
an increased amount of parathyroid hormone in 
the blood of rachitic rabbits. Albright and Sulko- 
witch (28) have suggested that the low serum 
phosphorus found in rickets may be due to the 
secondary hyperparathyroidism present. The hy- 
perplasia of the parathyroids in rickets has been 
explained as a compensatory response to the cal- 
cium deficiency which results from the failure of 
the intestinal tract to absorb the calcium. Re- 
cently Ham et al (29) have found that enlarge- 
ment of the parathyroids could be produced in rats 


by feeding diets low in calcium and deficient in 
vitamin D. However, when given a high calcium 
vitamin D free diet, the rats did not show enlarge- 
ment of the parathyroids although they did de- 
velop low phosphorus rickets. In the experiments 
reported here the prompt increase in the tubular 
reabsorption of phosphate observed following the 
administration of vitamin D suggests that vitamin 
D exerts a direct effect upon the renal tubule cells. 

SUMMARY 

By means of the concurrent determinations of . 
creatinine and phosphate clearances in the dog, 
following the intravenous injection of phosphate 
salts, it is possible to study quantitatively the re- 
absorption of phosphate by the renal tubules. It 
is found that under standard conditions there is a 
limiting maximal rate of reabsorption of phos- 
phate by the renal tubules which does not vary 
when the concentration of phosphate in the plasma 
is elevated by the administration of phosphate 
salts. The phosphate filtered through the glo- 
meruli which is in excess of the maximum which 
can be reabsorbed by the renal tubules is excreted 
in the urine. 

The administration of vitamin D to young dogs 
who have been fed a rachitogenic diet produces a 
marked increase in the maximal rate of reabsorp- 
tion of phosphate by the renal tubules, thus in- 
creasing the concentration of inorganic phosphate 
in the plasma at equilibrium. This effect is dem- 
onstrable 24 hours after adequate amounts of vita- 
min D are given and is probably an important 
factor in its antirachitic activity. 

The effect of parathyroid extract upon the tu- 
bular reabsorption of phosphate is opposite to 
that of vitamin D. Following injections of para- 
thyroid extract there is a considerable decrease in 
the rate of reabsorption of phosphate by the renal 
tubules and a consequent reduction in the concen- 
tration of phosphate in the plasma. 

We are indebted to Mead Johnson and Co. for the ir- 
radiated ergosterol, and to Eli Lilly and Co. for the 
parathyroid extract used in these experiments. 
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Previous studies (1, 2) have shown that the 
phosphorus metabolism of mouse tissues is mark- 
edly altered by leukemic infiltration, the absorp- 
tion and retention of radio-phosphorus being in- 
creased in the tissues of leukemic animals. The 
present work goes one step further in elucidating 
the seat of this altered phosphorus metabolism 
by fractionating the tissues into the three broad 
groups of biologically active phosphorus com- 
pounds: the phospholipid, nucleoprotein, and acid 
soluble fractions. 

EXPERIMENTAL 

Twenty-five male and twenty-five female mice of the 
highly inbred and genetically uniform Strong A strain 
and of the same age (seven weeks) and weight (16.5 
to 17 grams) were inoculated intraperitoneally with 0.1 
<x. of a suspension containing fifteen million leukemic 
cells (3). (This method of inoculation has the advantage 
of producing a localized tumor mass in the peritoneum 
and a very uniform generalized leukemic infiltration of 
the liver, spleen, and lymph nodes.) This lymphoma, 
which is highly vascular, non-necrotic, and has very little 
stroma, has been transferred about eighty times in the 
-A strain of mice. It takes in 100 per cent of the mice 
inoculated, and regressions have not been observed. A 
similar group of twenty-five male and twenty-five female 
animals was retained as controls. Five groups of ani- 
^ls, consisting of five males and five females, respec- 
bvely, with five corresponding groups of controls, were 
P a ced in twenty wire-bottomed cages. 

he leukemic animals were fed Purina dog chow ad lib. 
e weighed daily food consumption of each group of 
animals determined the amount fed to its re- 
spective group of control animals on the iollowing day. 
addition, each group of five animals received six grams 
W °* e oats per day and ten grams of fresh lettuce 
o^th °^ Cr Thus the phosphorus and caloric intake 
the sam CU ^ eni ^ c an ^ contr ol animals was approximately 

toneM . ra( ^ phosphorus was administered by intraperi- 
”V. ec ^ on °* 0*5 cc. of a solution containing 7.5 
* s mm phosphate at pH 7.4 and emitting 5.5 micro- 


curies 1 of beta activity at the time the first group was 
injected. Ten leukemic and ten normal animals were 
given this solution seven, five, three and one-half, two, 
and one-quarter days before all the animals were killed, 
which occurred on the eighteenth day after inoculation 
with leukemic cells. At this time the weights of leukemic 
and control animals were approximately the same. 

At autopsy, all leukemic animals had peritoneal tumors 
weighing about 800 to 1,000 mgm. and had uniformly 
enlarged spleens, livers and lymph nodes — both central 
and peripheral. These tissues (tumor, liver, spleen and 
lymph nodes) from the animals of each group were 
pooled, weighed and prepared for analysis. The weighed 
tissue was ground thoroughly under 95 per cent alcohol 
with the aid of a little sand and transferred to 100 cc. 
centrifuge tubes. The carcasses of each normal and 
leukemic group were pooled, ashed and assayed for radio- 
activity. 

METHODS OF TISSUE FRACTIONATION 

A. Phospholipid. The tissue phospholipid was removed 
by four successive extractions, the first with 95 per cent 
alcohol and the other three with 3 : 1 alcohol : ether. 
Seventy cc. of solvent were used in each extraction which 
was carried out at 50 to 55° C. under a reflux condenser. 
The tubes containing the tissue were centrifuged after 
each extraction and the solvent decanted. The total dura- 
tion of extraction was thirty-six hours. 

The combined alcohol and ether extracts were evap- 
orated at low temperature to a volume of about 2 cc. 
Five cc. of water were added and the mixture transferred 
to a separatory funnel where it was extracted five times 
with 70 cc. portions of petroleum ether. The combined 
petroleum ether extracts were evaporated down to a small 
volume, transferred to ashing capsules, ignited, and set 
aside for analysis. The aqueous phase which contained 
only a small amount of activity was added to the acid 
soluble fraction, since it contained some of the simpler 
non-lipid compounds removed from the tissue in the 
course of the alcohol extractions. 


1 Preliminary experiments had shown that this amount 
of radioactivity administered to mice caused no observable 
metabolic changes which could be termed “radiation ef- 
fects/* The effects of increased doses of radioactive 
phosphorus upon the activity curves obtained in this type 
of study will be reported later. 
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TABLE I 

Differential uptake of labeled-phosphorus in various fractions of normal and leukemic mice 


Tissue 


Normal or 
leukemic 
mice 


Nuclcoprotein 


Per cent 
of dose* 
per gram 


Per cent 
of 

normal 


Per cent 
per 

mgm. P 


Phospholipid 


Per cent 
of dose* 
per gram 


Per cent 
of 

normal 


Add soluble 


Per cent 
of dose* 
per gram 


Per cent 
of 

normal 


Per cent 
per 

mgm. P 


One-quarter day 
Tumor 


Liver . 
Liver . 


Spleen . 
Spleen , 


Lymph nodes . 
Lymph nodes . 


L 

N 

L 

N 

L 

N 


0.92 

0.96 

0.50 

1.45 

1.83 

1.22 

0.65 


192 

79 

188 


0.32 

0.43 

0.30 

0.49 

0.68 

0.43 

0.27 


0.14 

0.83 

2.18 

0.20 

0.48 

0.23 

0.25 


37 

42 

92 


1.51 

1.36 

1.30 

2.92 

2.17 

2.42 

1.23 


105 

135 

197 


1.96 

1.70 

1.83 

3.50 

3.02 

3.31 

1.89 


Two days 
Tumor. 


Liver . 
Liver . 


Spleen . 
Spleen . 


Lymph nodes . 
Lymph nodes . 


Three and one-half days 
Tumor 


Liver . 
Liver . 


Spleen . 
Spleen . 


Lymph nodes . 
Lymph nodes . 


Five days 
Tumor. 


Liver . 
Liver . 


Spleen . 
Spleen . 


Lymph nodes . 
Lymph nodes . 


Seven days 
Tumor. 


Liver . 
Liver . 


Spleen . 
Spleen . 


Lymph nodes . 
Lymph nodes . 


L 

N 

L 

N 

L 

N 


3.08 

1.97 

0.57 

3.56 

1.49 

3.39 

0.98 


346 

238 

346 


1.07 

0.90 

0.34 

1.21 

0.56 

.1.19 

0.40 


L 

N 

L 

N 

L 

N 


2.68 

1.60 

0.61 

2.70 

1.27 

2.70 

0.72 


L 

N 

L 

N 

L 

N 


L 

N 

L 

N 

L 

N 


2.22 

1.43 

0.57 

2.31 

0.96 

2.36 

0.78 


1.85 

1.06 

0.41 

1.82 

0.75 

1.61 

0.63 


262 

212 

375 


0.93 

0.73 

0.36 

0.92 

0.47 

0.95 

0.30 


251 

240 

303 


0.77 

0.66 

0.34 

0.78 

0.34 

0.83 

0.32 


258 

243 

256 


0.64 

0.49 

0.25 

0.62 

0.28 

0.57 

0.27 


0.60 

0.96 

1.11 

0.47 

0.62 

0.47 

0.43 


0.47 

0.75 

0.84 

0.47 

0.55 

0.49 

0.33 


0.40 

0.63 

0.50 

0.47 

0.31 

0.33 

0.34 


0.35 

0.53 

0.36 

0.31 

0.20 

0.33 

0.23 


86 

76 

109 


89 

85 

148 


126 

152 

97 


147 

155 

143 


0.92 

0.95 

0.78 

1.42 

0.99 

1.10 

0.60 


0.84 

0.83 

0.52 

0.88 

0.76 

0.75 

0.50 


0.67 

0.64 

0.40 

0.81 

0.54 

0.79 

0.21 


0.60 

0.54 

0.29 

0.63 

0.45 

0.84 

0.21 


122 

143 

183 


160 

116 

150 


160 

150 

376 


186 

140 

400 


1.19 

1.19 

1.10 

1.71 

1.38 

1.51 

0.92 


1.09 

1.04 
0.73 

1.06 

1.05 

1.02 

0.77 


0.87 

0.80 

0.56 

0.98 

0.75 

1.08 

0.32 


0.78 

0.67 

0.41 

0.76 

0.62 

1.15 

0.32 


* These figures represent the amount of activity found in the fractions obtained from one gram fresh 
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Fig. 1. The Comparative Uptake of Labeled-phosphorus in Normal and 

Leukemic Mice 
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B. Acid soluble. The tissue residue from which the 
phospholipid had been removed was then extracted with 
four 70 cc. portions of cold, 5 per cent trichloracetic 
acid. (Preliminarj’ experiments had shown that the four 
extractions removed from 98 to 99 per cent of the activity 
which could possibly be extracted from the various tis- 
sues by this method.) Aliquot portions of the combined 
acid extracts were measured into ashing capsules for 
radioactivity and chemical analyses. 

C. Nucleoprotein. The residual phosphorus contained 
in the tissues after the phospholipid and acid soluble 
fractions have been removed is termed “ nucleoprotcin ” 
phosphorus although, in addition to nucleoprotcin, this 
fraction probably contains some of the enzymes and co- 
enzymes (pyroadenylic acid, the pyridine nucleotides, fla- 
vine enzyme, etc.) involved in the intermediate transfer 
of phosphorus, in combination with their respective pro- 
tein carriers. The “ nucleoprotcin ” fraction, upon micro- 
scopic examination, is seen to consist mainly of free, 
partially fragmented nuclei, along with a smaller amount 
of amorphous cytoplasmic material. 

Measurements of radioactivity were made by the use 
of a DuBridge type of ion chamber electrometer. Phos- 
phorus analyses were made by the method of Pregl (4). 

RESULTS 

The experimental data are presented in Table 
I. 2 Six hours after the administration of tagged 
phosphorus, the carcass of each control mouse re- 
tained an average of 71.8 per cent of the dose; 
while each leukemic carcass retained 70.3 per cent. 
At two days, each control retained 40.4 per cent, 
each leukemic 50.6 per cent; at 3)4 days, control 
38.5 per cent, leukemic 47.4 per cent; at 5 days, 
control 29.1 per cent, leukemic 41.5 per cent; at 
7 days, control 25.1 per cent, leukemic 40.8 per 
cent. 

The mean phosphorus contents of the nucleo- 
protein fractions derived from one gram of the 
various fresh tissues were as follows: Lymphoma 
2.88 mgm. P/gram; leukemic liver 2.18 mgm./ 
gram, normal liver 1.67 mgm./gram; leukemic 
spleen 2.95 mgm./gram; normal spleen 2.68 
mgm./gram; leukemic lymph nodes 2.84 mgm./ 
gram ; normal lymph nodes 2.41 mgm./gram. 
For the acid soluble fractions the values were 
lymphoma 0.77 mgm. P/gram ; leukemic liver 0.80 
mgm./gram, normal liver 0.71 mgm./gram; leu- 
kemic spleen 0.83 mgm./gram, normal spleen 0.72 
mgm./gram; leukemic lymph nodes 0.73 mgm./ 
gram, normal lymph nodes 0.65 mgm./gram. 

2 Two other similar experiments, each involving over 
one hundred mice, gave practically identical results. 


From Figure 1 it may be noted that for normal 
liver the activity curve of phospholipid is in keep- 
ing with a known function of liver in the synthesis 
of phospholipid. The curve indicates a very rapid 
incorporation of “ tagged ” phosphorus atoms into 
phospholipid and a rapid release of this phospho- 
lipid to other tissues. The relatively low, flat 
curve of nucleophosphorus activity in normal liver 
suggests that the turnover of nucleoprotein, inso- 
far as phosphorus is concerned, is simply a meta- 
bolic phenomenon of tissue maintenance. No no- 
tably rapid synthesis of nucleoprotein or acceler- 
ated metabolism of the phosphorus transport sys- 
tems is indicated for this tissue. 

Normal spleen, which has a role in the destruc- 
tion of the formed blood elements, and a possible 
function in the reorganization and resynthesis of 
their nucleoproteins, has a high order of nucleo- 
phosphorus activity indicative of intense nucleo- 
protein metabolism or synthesis. The phospho- 
lipid curve is low and relatively flat; one might 
infer that only the minimal exchange of phospho- 
lipid necessary for maintenance occurs. 

Normal lymph nodes have a low level of phos- 
pholipid activity indicative of simple maintenance. 
The nucleophosphorus metabolism is intermediate 
between that of spleen and liver. 

Lymphoma tissue is characterized by a very 
rapid incorporation of simple phosphate into 
nucleophosphate. The uptake is too rapid to be 
due to growth alone, and it seems reasonable to 
attribute it to some phase of phosphorus transport 
in glycolysis, which is a prominent metabolic fea- 
ture of similar neoplasms of this type (5, 6). 

After the infiltration of liver, spleen and lymph- 
atic tissue by leukemic cells, a three- to fourfold 
increase is noted in the level of nucleoprotein ac- 
tivity. The activity curves of these tissues, in 
effect, tend to approach those of the pure lymph- 
oma. The specific activity (activity per unit of 
phosphorus) in the nucleoprotein fraction of in- 
filtrated liver, spleen and lymph nodes is several- 
fold higher than that of the corresponding normal 
tissues, although the phosphorus content of the 
leukemic tissues is only slightly increased over 
normal. 

The curves of acid soluble activity for all tne 
tissues show a sharp drop during the first feu 
hours after the administration of the labelled phos- 
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phorus, followed by a gradual decrease over a pe- 
riod of several days. The acid soluble activity 
curve for eacli leukemic tissue is maintained at a 
considerably higher level than that of its respective 
normal tissue. Since these acid soluble fractions 
contain, the phosphorus esters of carbohydrates 
undergoing glycolysis, along with the free inter- 
mediate carriers (adenylic acid, creatine phos- 
phate, and the various nucleotides), which are part 
of the phosphorating mechanisms, a reasonable 
explanation for the observed increase in activity 
would be that the quantity of these intermediates 
is increased as a result of leukemic infiltration or 
that the rate at which the compounds exchange 
phosphorus in their metabolic cycles is increased. 
Since the specific activity, or activity per unit 
weight of phosphorus is higher in the acid soluble 
fraction of leukemic tissue than in normal, the 
latter view has greater weight. 

The phospholipid curves for infiltrated spleen 
and lymph nodes are little different from normal. 
The effect of infiltration upon liver phospholipid 
appears to be limited to a depression of the “ syn- 
thesis peak ” (7) ; the curve after two days is only 
slightly higher than normal. 

Preliminary experiments on the phosphorus 
metabolism of yeast cells ( S . cerevisiac) have 
shown that under fermentative conditions tagged 
phosphorus added to the external medium is very 
rapidly absorbed and converted to nucleophos- 
phate. This, along with the rapid nucleophos- 
phate exchange observed in tumor tissue, lends 
credence to the possibility that, in cells showing a 
frgh rate of carbohydrate cleavage, the phosphory- 
lation of the intermediate phosphorus carriers in- 
v olves their passage through the broad group of 
compounds which might fall under the generic 
term “ nucleoprotein.” 

Further work to clarify the speculative points 
suggested by the findings of the present paper is 
m progress. A detailed study of the organic phos- 
phorus compounds contained in the acid soluble 
an d nucleoprotein fractions in the presence of 
selective toxins will be given later. 

SUMMARY AND CONCLUSIONS 

The manner in which a single tracer dose of 
mactive phosphorus is handled over a period 


of seven days by the tissues of fifty normal and 
fifty leukemic mice has been determined. • 

2. Leukemic infiltration is accompanied by an 
increase of several-fold in the uptake and reten- 
tion of radioactive phosphorus by the nucleopro- 
tcin and acid soluble fractions of mouse liver, 
spleen and lymph nodes. 

3. The phospholipid metabolism of spleen and 
lymph nodes is affected to only a limited extent by 
leukemic infiltration, while that of liver is de- 
pressed only during the first day after the ad- 
ministration of tagged phosphorus. 

4. The whole body retention of phosphorus ad- 
ministered to leukemic mice is higher than that 
of normal mice, but the rate of excretion over a 
period of seven days is approximately the same. 

This investigation has been aided by a grant from The 
Jane Coffin Childs Memorial Fund for Medical Research. 
Radio-phosphorus has been made available through the 
generous cooperation of the staff of the Radiation Lab- 
oratory. One of us (L. A. E.) has been supported from 
funds granted to the Radiation Laboratory by the Na- 
tional Advisory Cancer Council. 
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Analysis of the analgesia induced by the opiates 
has shown that these agents arc capable not only 
of greater pain threshold-raising action than all 
other substances investigated, but also of impor- 
tant effects on the reaction to pain (1). Although 
the action of the non-opiate analgesics has been 
explored (2 to 20), the evidence hitherto pre- 
sented is conflicting, often because the data have 
been non-quantitative, inadequate, or irrelevant. 
The development of a new method (21) for as- 
saying quantitatively the effects of analgesic 
agents on man has made possible the following 
presentation of new data concerning the non- 
opiate analgesics. 


METHOD 

The method employed here was described in detail in 
earlier studies on pain and analgesia (21). The light 
from a 1000 watt lamp was focussed by a condensing 
lens through a fixed aperture onto the blackened fore- 
head of the subject. The surface of the forehead to be 
tested was thoroughly blackened with India ink. The 
intensity of the radiation was controlled by means of a 
rheostat. Immediately in front of the lamp was mounted 
an automatic shutter which was arranged to allow the 
radiation to pass through to the subject for exactly 3 
seconds. The method of making the measurement of 
pain threshold was as follows: The subject seated himself 
and placed his forehead in position. The aperture was 
arranged so that 3.5 cm. 2 of blackened skin could be 
exposed. After a minute or so the shutter was lowered 
and the radiation allowed to fall on the skin for 3 
seconds. The subject reported on his sensation. If no 
pain was experienced, the intensity of the light was in- 
creased and after 30 to 60 seconds the test was repeated. 
This procedure was followed until the subject just felt 
Pain at the end of the exposure. This threshold pain 
was easily recognizable even by untrained subjects. The 
sensation was that of heat finally " swelling " to a dis- 
AhcI, sharp stab of pain at the end. When this condition 
tad been reached the radiometer was placed in the aper- 
tur c in place of the forehead of the subject and the 


intensity of the radiation measured in gm. cal./sec./cm. 2 
This value was considered to be the minimum stimulus 
for pain. The time required to make a single observa- 
tion was usually less than 2 minutes. The maximum 
variation from the mean was in all cases less than 12 
per cent, and several measurements agreeing within 2 per 
cent were made to establish a threshold. 

After the control measurements, an analgesic agent was 
administered and observations of the pain threshold were 
made at 10 to 20-minute intervals until the threshold had 
returned to the control level. The height of the pain 
threshold-raising effect was expressed in per cent elevation 
above the control level. The protocols were distributed 
so that the threshold of one subject was measured by 
another subject who in turn was unfamiliar with the 
change in his own threshold. Occasionally, observers not 
participants in the experiment made threshold readings. 
Thus, three independent protocols were made, no indi- 
vidual knowing how much his own threshold had been 
altered. 

With each pain threshold reading the subject made a 
concise statement of his psychological state. In the 10- 
minute interims between readings the subjects sat com- 
fortably and engaged in reading, writing, or conversation. 
Sleep was not permitted and, if drowsy, the subjects 
walked about the laboratory. During long experiments ' 
food was taken, the three subjects consuming about the 
same amount of milk and bread. This required less than 
15 minutes, after which the readings were continued. 

In this series, all agents were given by mouth, with the 
exception of trichlorethylene, which was inhaled, and 
ergotamine and caffeine, which were injected intramuscu- 
larly. Therefore, the onset of action and the percentage 
increase in threshold and duration of action were variable. 
The subjects were, as in the earlier experiments, the three 
authors, each of whom weighed approximately 65 kilos. 

The time-action curves for all agents in the amount 
given, were analyzed in three ways: (i) The maximum 
height of the pain threshold-raising effect; (2) the length 
of the period of effectiveness, and (5) the total threshold- 
raising action of the agent. 

The maximum height of the threshold-raising action 
was obtained from the highest part of each time-action 
curve. The length ot the effective period was taken to 
be the elapsed time between the administration of the 
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ACETYLSALICYLIC ACID 



Fig. 1. Time- Action Curves for Acetyls alicylic Acid 
The ordinate — per cent elevation of pain threshold over the control level as zero. The ab- 
scissa = duration of effect. The arrow indicates the time of ingestion of the acetylsalicylic acid. 
Each point represents the average of the threshold levels of two or three subjects. 


agent and the return of the threshold to the pre-admin- 
istration level. The total threshold-raising action was 
computed by multiplying the duration in hours of effect 
by the average per cent above the control level. 

Acetylsalicylic acid 

Observations. Twenty-four experiments were 
done with amounts from 0.03 gram to 1.8 grams 
of acetylsalicylic acid. There were at least two 
participants in each experiment and a total of 54 
series of observations was made. The time-action 
curves for the nine different amounts studied 
were of a simple type (Figure 1). 

The height and duration of the threshold-raising 
effect increased with the amount administered 
from 0.06 gram to 0.3 gram. Whether the amount 
of the agent was large or small the pain threshold 
was observed to rise within 10 to 15 minutes of 
ingestion and continued to rise at different rates 
until the peak effect for the particular amount had 
been reached. 

Comment. It will be seen (Figure 2) that the 
maximum analgesic effect is directly proportional 
to quantities from 0.06 gram to 0.3 gram but is 
not increased with greater amounts. Further 


threshold-raising effects might be obtained with 
very large quantities of this agent, but these are 
beyond the scope of this study. 

The duration of the threshold-raising effect in- 
creased with the amount given from 0.06 gram to 
0.9 gram (Figure 3), but the rate of increase be- 
came progressively smaller. 

The relation of total threshold-raising action to 
amount is shown in Figure 4. There was an in- 
crease in effect with the amount up to 0.3 gram. 
With each additional 0.3 gram from 0.3 to 0.9 
gram there was an increase of about 10 per cent, 
but doubling 0.9 gram, or 1 .8 grams, increased the 
effect only slightly. 

Observation. The time-action curves (Figure 
1) indicate that the total threshold-raising effect 
realized from a given amount of acetylsalicylic 
acid will depend upon the frequency of dosage. 
Acetylsalicylic acid in 0.3 gram amounts was ad- 
ministered orally at 2-hour intervals over a period 
of 8 hours. The readings recorded at 10- to 20- 
minute intervals throughout this period show that, 
following the first 0.3 gram amount, the threshold 
was raised to the usual level, after which the 
pain threshold remained elevated for about 6 hours 





MAX/MUM THRESHOLD RAISING EFFECT 



GRAMS ACETYLSALICYLIC ACID 

Fig. 2. The Maximum Pain Threshold-raising Effect of Acetylsalicylic 
Acid for Quantities from 0.06 Gram to 1.8 Grams 


DURATION OF THRESHOLD RAISING EFFECT 


6 -HOURS 



GRAMS ACETYLSALICYLIC ACID 


Fig. 3. The Relation Between Duration of Threshold-raising Effect (Ordi- 
nate) and the Quantity of Acetylsalicylic Acid Administered (Abscissa) 

at 30 to 35 per cent above the control level (Fig- demonstrates that 1.2 grams of acetylsalicylic add 
ure 5). administered in amounts of 0.3 gram every 2 hours 

In contrast 0.6 gram of acetylsalicylic acid given produce at least a third more threshold-raising 
three times at intervals of 3 hours resulted in effect in 8 hours than 1.8 grams administered in 
unstable elevation of the pain threshold (Figure amounts of 0.6 gram every 3 hours. From the 
6). standpoint of therapy, these experiments indicate 

Comment . Comparison of Figures 5 and 6 that it is desirable to give frequent administra- 
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TOTAL THRESHOLD RAISING EFFECT 


120-HOURS PERCENT 

100 - 


I I I 

.6 .9 1-8 

GRAMS ACETYLSALICYLIC ACID 

Fig. 4. The Relation Between the Total Threshold-raising Effect and the Quan- 
tity of Acetylsalicylic Acid Administered 
The ordinate was computed by multiplying the average per cent rise in pain threshold by 
the hours of duration of effect resulting from a given quantity of acetylsalicylic acid. The 
abscissa = quantity of acetylsalicylic acid administered. 


80- 



REPEATED ADMINISTRATIONS OF 
ACETYLSALICYLIC ACID 
0.3 GM. 
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REPEATED ADMINISTRATIONS OF 
ACETYLSALICYLIC ACID 
0.6 GM. 



3-hour Intervals 


Each point represents the average of the threshold levels of two subjects. The arrows indicate the time of 
ingestion of the acetylsalicyclic acid. 


tions of acetylsalicylic acid, since the essential 
elimination of this agent is very rapid. Secondly, 
Figures 5 and 6 demonstrate that in no case is a 
threshold-raising effect of much more than 35 per 
ce nt above the control level realized. This gives 
added support to the conception of a saturation 
amount; that is, effective addition of threshold- 
raising action occurs only for quantities less than 
*e saturation amount of 0.3 gram. Similar 

saturation effects ” were observed in studies on 
codeine phosphate (1). 

Psychological and other effects . Observations . 
Acetylsalicylic acid in amounts as small as 0.18 
gram had a mild sedative effect as well as pain 
threshold- raising action. The sedative effect re- 
mained slight even with amounts ten times larger, 
t,e ; 1-8 grams. The three subjects experienced 
mild relaxation and lethargy. Little or no effect 
0n mixiety or tension was noted except that rest- 
le ssness was reduced. There were no induced 
feelings of contentment, euphoria, or apathy. Lo 


untoward effects resulted except slight burning 
sensations in the epigastrium after larger amounts, 
and slight difficulties in attention and concentra- 
tion after repeated administrations of the agent 
at 2-hour intervals. 

Comment. After the administration of acetyl- 
salicylic acid the subject, during successive thresh- 
old readings, became aware of a change in the 
character of the stimulus. The sensation of heat 
which preceded the onset of pain became relatively 
more intense and it was with surprise that no 
pain was experienced. The probable explanation 
of this phenomenon is that the threshold of heat 
is actually lowered by acetylsalicylic add (21). 
No such experience followed the administration 
of opiates. 

The effect of pain on the action of acetylsalicylic 
acid 

It has previously been shown that the threshold 
raising action of the opiates is considerably modi- 
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EFFECT OF PAIN 

ON THE THRESHOLD RAISING ACTION 



Fig. 7. The Effect of Sustained Pain for 40 Minutes on the Pain Threshold- 
raising Properties of Acetylsalicylic Acid (0.3 Gram) 

The heavy black line represents the pain threshold-raising effect of 0.3 gram acetyl- 
salicylic acid in three subjects without pain. The light line represents the pain 
threshold-raising effect of 0.3 gram acetylsalicylic acid when given 27 minutes after 
the beginning of pain. Each curve represents the average of the threshold levels in 
two subjects. The arrow indicates the time of administration. The [7//T77] indicates 
the duration of the pain. 


fied by pain introduced just before or soon after 
their administration (1). Indeed, pain of mod- 
erate intensity of 40 minutes’ duration seriously 
reduces the threshold-raising action of 0.015 gram 
of morphine. It has been pointed out that the 
therapeutic usefulness of the opiates, therefore, 
depends largely upon qualities other than those 
which raise the pain threshold (1), 

Acetylsalicylic acid differs from the opiates also 
in this regard. 

Method. Experiments using induced pain, iden- 
tical with those done with the opiates, were re- 
peated with acetylsalicylic acid. A sphygmoma- 
nometer cuff placed about the arm was inflated 
to 220 mm. Hg and then kept in place for 40 
minutes. During this period there gradually de- 
veloped increasingly intense pain. Ten to 15 min- 
utes before the termination of the pain period, 
acetylsalicylic acid was administered orally in 
amounts of 0.3 gram to 0.9 gram. 

Observations. Pain experienced during the 
first part of the action of the acetylsalicylic acid 
reduced the threshold-raising effect and the dura- 


tion of action of the agent in three experiments 
representing seven observations. In Figure 7 is 
shown the effect of pain on the threshold-raising 
action of 0.3 gram. In one experiment 0.9 gram 
was taken instead of 0.3 gram. The threshold- 
raising action of both amounts of the drug was 
affected to about the same degree by the pain. 

Comment. Without a large series of experi- 
ments performed under various circumstances, no 
final statement of the influence of pain on the 
effects of acetylsalicylic acid can be made, but 
presumably pain may cause the agent to lose about 
a quarter of its effectiveness. The amount of 
effect of the pain probably depends on many 
factors, including duration and intensity of pain, 
but these have not been analyzed. The effect of 
pain on the action of acetylsalicylic acid is in 
striking contrast to what occurs when pain pre- 
cedes or overlaps the administration of morphine 
(1). Here most of the threshold-raising effect 
may be eliminated by an intensity and duration of 
pain no greater than that employed here. 
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Acetyl salicylic acid as a therapeutic agent 

The ability to raise the pain threshold coupled 
with relatively minor effects on mood or menta- 
tion gives acctylsalicylic acid, and presumably 
other salicylates, a unique position in therapy. It 
may be administered in relatively large amounts 
over long periods with slight danger of depend- 
ence. 

Acetyl salicylic acid has been found to be espe- 
cially useful in pains of low intensity, not only 
when circumscribed but also when widespread in 
origin. It is not the total distress experienced by 
the patient, but the intensity of the pain which 
determines the therapeutic effectiveness of a given 
threshold-raising agent. If the pain is of an in- 
tensity that cannot be abolished or greatly reduced 
by the threshold-raising effect of the agent, then 
no matter how limited the area or distribution is, 
no amount of this substance will stop the pain. 
For example, the intense pain associated with 
coronary occlusion, though it emanates from a 
very limited area, is not eliminated by acetylsali- 
cylic add. On the other hand, the relatively low- 
grade pain of rheumatic fever, though very wide- 
spread in origin, is dramatically abolished. 

These facts are compatible with the evidence 
concerning non-spatial-summation of pain formu- 
lated elsewhere (21). Thus the total intensity of 
several areas of different intensities of pain is 
equal, not to their sum, but merely to the intensity 
of the severest pain. It requires no more acetyl- 
salicylic add to abolish a widespread area of low- 
grade pain than it does to abolish a very small 
area of pain of the same intensity. 

Apparently a total of 3.6 grams per day taken 
m divided doses of 0.3 gram every 2 hours is 
more effective than a total of 4.8 grams per day 
taken in divided doses of 0.6 gram every 3 hours. 
Since the actions of 0.3 gram and 0.9 gram 
amounts of acetylsalicylic acid were about equally 
affected by pain, there is little evidence to suggest 
that the ingestion of larger amounts would be 
more effective than the 0.3 gram amount in the 
presence of pain. 

There is the possibility that quantities of acetyl- 
salicylic acid greater than those necessary to raise 
the pain threshold the maximal amount may be 
required to attain other useful actions of this 
agent. 


Acetylsalicylic acid in combination with 
other agents 

Three experiments, representing 8 series of ob- 
servations, were done with combinations of codeine 
phosphate and acetylsalicylic acid. First, a com- 
bination of amounts of these agents having about 
the same threshold-raising effect was administered 
(1). Acetylsalicylic acid was taken by mouth in 
0.3 gram amounts and 30 minutes later 0.03 gram 
of codeine phosphate was given hypodermically. 

The threshold-raising effect of this salicylate and 
codeine combination under these conditions was no 
greater than the action of each taken separately 
(Figure 8a). The sedative and mood-changing 
effects of the codeine were well defined. 

In another experiment, 0.6 gram of acetylsali- 
cylic acid was taken by mouth, and one hour later 
0.03 gram of codeine phosphate was injected in- 
tramuscularly. A threshold-raising effect of ap- 
proximately 35 per cent resulted, showing that the 
addition of codeine had no further threshold- 
raising action (Figure 8b). 

To ascertain whether the threshold-raising ef- 
fect of 0.06 gram of codeine could be raised above 
its saturation level of 45 to 50 per cent above 
threshold level, 0.9 gram of acetylsalicylic acid was 
combined with codeine. The codeine was admin- 
istered intramuscularly 27 minutes after ingestion 
of the acetylsalicylic arid. The combination had 
a threshold-raising effect but slightly different 
from that of 0.06 gram of codeine alone (Figure 
8c). 

The combination of acetylsalicylic acid and cal- 
cium was investigated. Three-tenths gram of 
acetylsalicylic acid and 2 grams of calcium gluco- 
nate were taken by mouth. The threshold-raising 
effect and duration of action that resulted from 
the combination were no greater than that ob- 
tained from 0.3 gram of acetylsalicylic add alone. 

Comment. It has thus been shown that there 
is no addition of pain threshold-raising effect when 
codeine and acetylsalicylic arid are taken together 
in various amounts. 

Nevertheless, the therapeutic usefulness of such 
a combination may not be waived. Codeine, as a 
typical opiate, has two important actions (1) : (1) 

It impedes to a greater or lesser degree the percep- 
tion of pain; and (2) it detaches the perception 
of pain from the fight-flight-anxiety reaction so 
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stable pain threshold-raising effects of the salicy- 
lates lends a therapeutic usefulness when the two 
aforementioned effects are desirable. It is evi- 
dent, however, that as regards pain threshold- 
raising effects no addition accrues from this 
combination. 

Acetan Hid 

Five experiments were done with 0.3 gram of 
acetanilid. A total of 12 series of observations 
was thus available for analysis (Figure 9). The 
height and duration of the threshold-raising effect 
were of the same order as that of acetylsalicylic 
acid. Relaxation, drowsiness and difficulty in 
mentation were noted, and concentration, retention 
and attention were all slightly’- impaired. Rest- 
lessness was allayed and even anxiety was dimin- 
ished, but there was no euphoria. 

Effect of pain on the action of acetanilid. As 
in the case of acetylsalicylic acid, the threshold- 
raising effect and duration of action were both 
disturbed if the initial action of the agent was 


coupled with pain (Figure 10). Here, too, how- 
ever, the destructive action of the pain was rela- 
tively slight. 

AcclopJ jcnctidin 

Two experiments with 0.3 gram of acetophene- 
tidin representing 6 series of observations were 
made (Figure 11). Psychological effects from 
acetophcnetidin were more pronounced than after 
acetylsalicylic acid and similar to those produced 
by acetanilid. 

Comment . It is possible that these psychologi- 
cal effects of acetanilid and acetophenetidin coupled 
with their threshold-raising action are responsible 
for the popularity of these agents as headache 
remedies, especially where tension or anxiety is 
dominant. 

Ammopyrinc 

Aminopyrine was given in 0.3 gram amounts in 
one experiment representing 3 series of observa- 
tions. The maximum threshold-raising effect av- 
eraged about 31 per cent above the control level 


EFFECT OF PAIN 

ON THE THRESHOLD RAISING ACTION 
OF ACETANILID 

35- % 0.3 GM. 



Fig. 10. The Effect of Sustained Pain (40 Min- 
utes) on the Pain Threshold-raising Properties of 
Acetanilid 

The dashed line represents the pain threshold-raising 
effect of 0.3 gram acetanilid without pain. The solid 
line represents the effect with pain (average for three 
subjects). The arrow indicates the time of oral admin- 
istration of the acetanilid. The [777777 indicates the dura- 
tion of the pain. 
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ACETOPHENETIDIN 
.0.3 GM. 



Fig. 11. The Average Pain Threshold Elevation 
for Three Subjects Resulting from the Administra- 
tion of 0.3 Gram Acetophenettdin 

The arrow indicates the time of oral administration. 

ETHYL ALCOHOL 
30 CC AND 60 CC. 



Fig 12 The Pain Threshold Elevation Resulting from the Oral 
Administration or 30 cc. and 60 cc. of Ethyl Alcohol, 93 Pep. Cent 
Each solid dot represents the average of the threshold levels in three subjects 
after 30 cc. of alcohol; the hollow dots, the same, after 60 cc. of alcohol. The 
arrow indicates the time of administration of the alcohol. 
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EFFECT OF PAIN 

ON THE THRESHOLD RAISING ACTION, 
OF ETHYL ALCOHOL 



4 HOURS 

Fig. 13. The Effect of Sustained Pain (40 Minutes) on the Pain 
Threshold-raising Properties of Ethyl Alcohol (60 cc., 95 Per Cent) Ad- 
ministered 20 Minutes After the Beginning of Pain (Solid Line), Average 
of Three Subjects 

The dashed line represents the pain threshold-raising effect of 60 cc. of ethyl 
alcohol in three subjects without pain. The 17777771 indicates the duration of the pain. 


and was attained about one hour after ingestion. 
The threshold remained elevated at or near the 
maximum for 30 minutes. The threshold was 
elevated above the control level for about 2 hours. 
With the exception of very slight relaxation, no 
other effects were noted. 

Ethyl alcohol 

Four experiments representing a total of 12 
series of observations were done. Two of these 
were with amounts of 30 cc. of 95 per cent alco- 
hol, and two with 60 cc. (Figure 12). The alco- 
hol was ingested about 3 to 5 hours after the last 
meal and all of it was swallowed within 2 minutes. 
The alcohol was diluted with charged water con- 
taining sugar for sweetening so that the total vol- 
ume of fluid was 250 cc. 

Psychological and other effects. Alcohol in 
these subjects produced changes important be- 
cause of their effect on pain, namely, the induced 


feelings of relaxation, contentment, detachment, 
and euphoria. Also, time appreciation was altered 
so that standard intervals seemed shorter. Con- 
centration, attention and retention were defective, 
memory for events that occurred during this phase 
was blurred, and restraint, judgment and discrim- 
ination were impaired. This period of euphoria 
lasted about an hour and was followed by one of 
depression and lethargy. Although the mood had 
changed, the defects in concentration, attention 
and retention persisted for another 2 hours. 

The peak of the threshold-raising effect and 
the peak of excitement and euphoria occurred at 
about the same time. The period of increasing 
depression and lethargy was associated with fall 
of the pain threshold to the normal control level. 

Effect of pain on the threshold-raising action of 
ethyl alcohol. Experiments identical with those 
done with the opiates, acetylsalicylic acid, and 
acetanilid were performed with alcohol. Pain of 
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40 minutes’ duration was induced by the tight 
sphygmomanometer cuff about the arm. The al- 
cohol was imbibed about 20 minutes after the cuff 
had been inflated and when pain was already very 
intense. Neither the height nor duration of the 
threshold-raising effects of the alcohol was sub- 
stantially reduced as a result of the pain (Figure 

13). 

The subjects were able to perceive pain of high 
intensity, but within 3 minutes of the time of in- 
gestion the reaction to the pain began to change 
to one of detachment. The reaction to pain was 
altered in a manner not unlike that experienced 
after morphine, so that, although the subject per- 
ceived pain, he became indifferent to it. Restless- 
ness and pacing of the floor because of the pain 
from the tight cuff were lessened within 5 minutes 
of ingestion. 

Comment . Ethyl alcohol thus had a double ef- 
fect not unlike morphine (1) : (f) It raised the 
threshold in the presence or absence of pain, and 
(2) it changed the reaction to pain in such a way 
as to cause the subject to feel detached about such 
pain which he was perceiving at the time. Al- 
cohol has a seeming superiority over morphine as 
a therapeutic agent since the latter has its 
threshold-raising action reduced or abolished by 
pain. But the overactivity and lack of restraint 
induced by the ethyl alcohol could be undesirable 
for the patient as well as for those about him. 

Trichlor ethylene 

The most swiftly acting of the analgesic agents 
investigated was trichlorethylene which, when in- 
haled, had its maximum effect even sooner than 
alcohol. Two experiments representing 4 series 
of observations were done. One cc. of trichlor- 
ethylene (Calco Chemical Co.) was inhaled under 
as uniform conditions as inhalation experiments 
permit. The pain threshold was measured on the 
head in the usual manner and on the back of the 
hand. Identical threshold-raising results were 
observed. The time required to reach the maxi- 
mum elevation was approximately 15 minutes. 
The threshold remained elevated at or near the 
maximum for 9 to 20 minutes, depending on the 
speed of inhalation, and remained above the con- 
trol level for about three quarters of an hour 
(Figure 14). During the inhalation, the subjects 


TRICHLORETHYLENE 

INHALATION 



for Three Subjects Resulting from the Administra- 
tion (Inhalation) of Trichlorethylene 

Readings made on the forehead in the first experiment 
and on the back of the hand in the second experiment. 
The arrows indicate the periods (4 minutes) of inhalation 
of the contents of 1 cc. trichlorethylene "pearls/’ 

experienced sensations of “ light-headedness ” 
and impending syncope. It is of interest that the 
threshold-raising effect was not limited to the- 
head, but was equally great on the hand. This 
observation was made earlier (11) by the use of 
stiff hairs on pain endings in the skin. 

Barbiturates 

One experiment representing 3 series of obser- 
vations was done with 0.5 gram of the sodium salt 
of N-methylcyclohexenylmethyl barbituric acid 
(“ Evipal ” brand). This variety of barbiturate 
was selected because of its prompt action and 
elimination. By keeping the subjects awake, the 
threshold-raising effects due to sleep, per sc, were 
avoided. As seen in Figure 15, an amount of 
barbiturate barely compatible with a waking state 
produced a threshold-raising effect of only 21 per 
cent. 

Out of all proportion to the threshold-raising 
effect were the sedative and hypnotic effects. 
Within 20 minutes of ingestion the subjects be- 
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45-% EFFECT OF PAIN 



MINISTERED 20 MlNUTES AFTER THE BEGINNING OF PaIN (SOLID Line), AVERAGE 

of Three Subjects 

The dashed line represents the pain threshold-raising effect of 60 cc. of ethyl 
alcohol in three subjects without pain. The I//////I indicates the duration of the pain. 


and was attained about one hour after ingestion. 
The threshold remained elevated at or near the 
maximum for 30 minutes. The threshold was 
elevated above the control level for about 2 hours. 
With the exception of very slight relaxation, no 
other effects were noted. 

Ethyl alcohol 

Four experiments representing a total of 12 
series of observations were done. Two of these 
were with amounts of 30 cc. of 95 per cent alco- 
hol, and two with 60 cc. (Figure 12). The alco- 
hol was ingested about 3 to 5 hours after the last 
meal and all of it was swallowed within 2 minutes. 
The alcohol was diluted with charged water con- 
taining sugar for sweetening so that the total vol- 
ume of fluid was 250 cc. 

Psychological and other effects. Alcohol in 
these subjects produced changes important be- 
cause of their effect on pain, namely, the induced 


feelings of relaxation, contentment, detachment, 
and euphoria. Also, time appreciation was altered 
so that standard intervals seemed shorter. Con- 
centration, attention and retention were defective, 
memory for events that occurred during this phase 
was blurred, and restraint, judgment and discrim- 
ination were impaired. This period of euphoria 
lasted about an hour and was followed by one of 
depression and lethargy. Although the mood had 
changed, the defects in concentration, attention 
and retention persisted for another 2 hours. 

The peak of the threshold-raising effect and 
the peak of excitement and euphoria occurred at 
about the same time. The period of increasing 
depression and lethargy was associated with fall 
of the pain threshold to the normal control level. 

Effect of pain on the threshold-raising action of 
ethyl alcohol. Experiments identical with those 
done with the opiates, acetylsalicylic acid, and 
acetanilid were performed with alcohol. Pain of 
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ACETYLSALICYLIC ACID 
ACETOPHENETIDIN 



Fig. 16a. The Average Pain Threshold Elevation for Three Subjects Re- 
sulting from the Administration of the Combination of Acetyls alicylic Acid, 
Acetophenetidin and Acetanilid, 0.3 Gram Each (Solid Line) 

The dashed line represents the pain threshold elevation resulting from the adminis- 
tration of 0.9 gram acetylsalicylic acid. The arrow indicates the time of oral admin- 
istration of the agents. 


Ergotamine tartrate 

The dramatic termination of migraine headache 
by 0.5 mgm. injections of ergotamine tartrate 
aroused curiosity concerning the nature of the 
analgesic action of this agent. It has been demon- 
strated (22) that the decline in intensity of the 
headache is coincident with the decrease in ampli- 
tude of pulsations of the cranial arteries, chiefly 
the branches of the external carotid arteries. It 
was inferred that the contraction of dilated ar- 
teries reduced the deformity of pain end organs 
about these arteries and so terminated the head- 
ache. 

In one experiment representing 3 series of ob- 
servations, ergotamine tartrate (0.5 mgm. intra- 
muscular) did not raise the pain threshold. It 
induced feelings of prostration with nausea. 
Therefore, such effect as this agent has in dimin- 
ishing headache cannot be attributed to a pain 
threshold-raising action. 

Other combinations 

It is important in appraising the action of com- 
binations to separate clearly the resultant pain 
threshold-raising action of a combination from 
other desirable effects. It is readily appreciated 


that one may wish to combine an agent with good 
pain threshold-raising action with one having suit- 
able sedative and hypnotic action, as well as other 
effects on mood and mentation. 

Observations. The combination of acetophene- 
tidin, acetanilid, and acetylsalicylic acid each in 0.3 
gram amounts was tested once, representing 3 
series of observations (Figure 16a). The com- 
bination had no greater threshold-raising action 
than an equivalent weight (0.9 gram) of acetyl- 
salicylic acid. However, the sedative and hyp- 
notic effect of the combination was far greater 
than the latter. 

The threshold-raising effect of the well-known 
combination of caffeine citrate, 0.15 gram; aceto- 
phenetidin, 0.15 gram; acetylsalicylic acid, 0.15 
gram, was investigated in one experiment, repre- 
senting 3 series of observations. Two tablets, 
each containing the above mixture and amounts, 
were taken. The threshold-raising effect of the 
combination was no greater than an equal weight 
(0.9 gram) of acetylsalicylic acid. However, this 
combination, as well as the previous one, presented 
effects which were worthy of note. Relaxation, 
lethargy, and freedom from restlessness were well 
defined. It appeared to the observer s that the 
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came profoundly relaxed, lethargic and unsteady 
on their feet. They were slightly loquacious. 
Concentration, attention and retention were seri- 
ously disturbed and manipulative skill was much 
reduced. Acts requiring discrimination were 
poorly done. The pain threshold-raising effects 
of this barbiturate in combination with acetanilid 
and acetylsalicylic acid are discussed below. 

Comment. Under the circumstances of this 
experiment, this barbiturate had relatively slight 
analgesic action and, since it is in no way un- 
representative, all barbiturates probably behave 
somewhat similarly. However, if sleep is induced, 
an entirely new set of analgesic factors may be 
introduced. Sleep as a threshold-raising factor 
has not been fully studied, but initial experiments 
indicate considerable threshold elevation during 
sleep. When consciousness is maintained, bar- 
biturates have poor pain threshold-raising action. 
Eddy previously came to a similar conclusion (6). 

Quinine 

In one experiment representing 3 series of ob- 
servations, 0.3 gram quinine sulphate taken by 
mouth did not raise the pain threshold above the 
control level. 


Caffeine 

Because of its frequent use in so-called “head- 
ache mixtures,” as well as other combinations of 
analgesics, the effect of caffeine salts on the pain 
threshold was ascertained. In one experiment 
representing 3 series of observations, caffeine so- 
diobenzoate in 0.5 gram (intramuscular) amounts 
had no measurable action on the threshold. Ten 
minutes after the administration of the caffeine the 
subjects began to experience a series of changes, 
only a few of which are relevant to this discus- 
sion. Significant were the feelings of alertness, 
well-being, and improved general effectiveness. 

Comment. It is evident from these data that 
caffeine has no threshold-raising action. How- 
ever, caffeine when taken by mouth has a slight 
vasoconstrictor action on the cranial arteries (23) 
and may thus be a factor in relieving certain head- 
aches in a manner akin to, but far less effectively 
than, ergotamine tartrate (22, 23). The notion 
that it improves circulation and offsets the detri- 
mental action of the pyrazoline compounds is little 
supported by bedside or experimental evidence. 
The mild, induced exhilaration above described 
may engender this impression. 


N-METHYLCYCLOHEXENYLMETHYL 
BARBITURIC ACID 
(SODIUM SALT) 

30-% 0.5 GM. 


25- 



Fig. 15. The Average Pain Threshold Elevation for Three Subjects 
Resulting from the Oral Administration of 0.5 Gram N-Methylcyclo- 
HEXENYLMETHYL BARBITURIC AciD-SoDIUM SALT 


The arrow indicates the time of administration of the agent. 



EFFECT OF DRUGS ON PAIN THRESHOLD 


77 


ACETYLS AU CYL1 C ACID 
ACETOPHENETIDIN 



Fig. 16j. The Average Pain Threshold Elevation for Three Subjects Re- 
sulting from the Administration of the Combination of Acetylsaiicylic Acid, 
Acetophenetidin and Acetanilid, 0.3 Gram Each (Solid Line) 

The dashed line represents the pain threshold elevation resulting from the adminis- 
tration of 0.9 gram acetylsaiicylic acid. The arrow indicates the time of oral admin- 
istration of the agents. 


Ergotamine tartrate 

The dramatic termination of migraine headache 
by 0.5 mgm. injections of ergotamine tartrate 
aroused curiosity concerning the nature of the 
analgesic action of this agent. It has been demon- 
strated (22) that the decline in intensity of the 
headache is coincident with the decrease in ampli- 
tude of pulsations of the cranial arteries, chiefly 
the branches of the external carotid arteries. It 
was inferred that the contraction of dilated ar- 
teries reduced the deformity of pain end organs 
about these arteries and so terminated the head- 
ache. 

In one experiment representing 3 series of ob- 
servations, ergotamine tartrate (0.5 mgm. intra- 
muscular) did not raise the pain threshold. It 
induced feelings of prostration with nausea. 
Therefore, such effect as this agent has in dimin- 
ishing headache cannot be attributed to a pain 
threshold-raising action. 

. Other combinations 

It is important in appraising the action of com- 
binations to separate clearly the resultant pain 
threshold-raising action of a combination from 
other desirable effects. It is readily appreciated 


that one may wish to combine an agent with good 
pain threshold-raising action with one having suit- 
able sedative and hypnotic action, as well as other 
effects on mood and mentation. 

Observations. The combination of acetophene- 
tidin, acetanilid, and acetylsaiicylic acid each in 0.3 
gram amounts was tested once, representing 3 
series of observations (Figure 16a). The com- 
bination had no greater threshold-raising action 
than an equivalent weight (0.9 gram) of acetyl- 
salicylic acid. However, the sedative and hyp- 
notic effect of the combination was far greater 
than the latter. 

The threshold-raising effect of the well-known 
combination of caffeine citrate, 0.15 gram; aceto- 
phenetidin, 0.15 gram; acetylsaiicylic acid, 0.15 
gram, was investigated in one experiment, repre- 
senting 3 series of observations. Two tablets, 
each containing the above mixture and amounts, 
were taken. The threshold-raising effect of the 
combination was no greater than an equal weight 
(0.9 gram) of acetylsaiicylic acid. However, this 
combination, as well as the previous one, presented 
effects which were worthy of note. Relaxation, 
lethargy', and freedom from restlessness were well 
defined. It appeared to the observers that the 
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sedative effects were suminative even though the 
threshold-raising effects were not. 

The sodium salt of N-methylcyclohexenylmethyl 
barbituric acid (“Evipal”) in 0.5 gram amounts 
was administered orally in combination with 0.3 
gram of acetanilid. One experiment, representing 
3 series of observations, was performed. No in- 
crease in the pain threshold-raising effect of 
acetanilid was observed. However, effects other 
than threshold-raising were important. Unsteadi- 
ness of gait, difficulty with skilled manual move- 
ments, difficulty in mentation, and barely control- 
lable lethargy were noted. Diplopia 'was present. 
Again, the opinion shared by the three observers 
was that the sedative and hypnotic effects were 
summative. 

A combination of a barbiturate and acetylsali- 
cylic acid was also investigated (Figure 16fr). 
The pain threshold-raising effect of 0.5 gram of 
N-methylcyclohexenylmethyl and 0.3 gram acetyl- 
salicylic acid was ascertained in one experiment, 
representing 3 series of observations. The 
threshold-raising effect was no greater than that 
from 0.3 gram acetylsalicylic acid alone. The 
total action as expressed in hours per cent was 
not increased. However, other effects were 


greatly increased over those of acetylsalicylic acid 
alone and even more evident than after the barbitu- 
rate alone. Diplopia, unsteadiness of gait, diffi- 
culty in mentation and profound lethargy were 
noteworthy. 

Comment. It may be said, in general, of the 
combinations studied that the pain threshold- 
raising effect of a combination is no greater than 
that of its most effective ingredient, but that the 
sedative and hypnotic effects, as well as motility 
disturbances, may be summative. There may be 
valid grounds for giving agents such as codeine 
and barbiturates with such substances as acetyl- 
salicylic acid, acetophenetidin and acetanilid, if one 
desires to achieve additive mood and mentation 
effects with antipyretic and stable threshold-raising 
effects. 

SUMMARY AND CONCLUSIONS 

1. Quantitative measurements of the pain 
threshold were made by irradiating 3.5 square 
centimeters of skin surface for 3 seconds. The 
intensity of radiation which barely evoked pain 
was denoted as the pain threshold. The threshold- 
raising action of various non-opiate analgesic 


N-METHYLCYCLOHEXENYLMETHYL 
BARBITURIC ACID (SODIUM SALT) 
-0.5 GM. 



Fig. 16 b . The Average Pain Threshold Elevation for Three Sub- 
jects (Solid Line) Resulting from the Administration of the 
Combination of N-Methylcyclohexenylmethyl Barbituric Acid- 
Sodium Salt (0.5 Gram) with Acetylsalicylic Acid (0.3 Gram) 

The dashed line represents the effect of 0.3 gram acetylsalicylic acid 
alone. 
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agents was then ascertained in terms of the normal 
threshold, 

2. Acetylsalicylic acid (oral) in quantities from 
0.03 gram to 1.8 grams was thus assayed. The 
minimum effective quantity of this agent is 0.06 
gram (0.9 mgm, per kilo body weight). The 

saturation ” quantity or the smallest amount with 
which the highest threshold-raising effect was at- 
tained was 0.3 gram. The highest threshold- 
raising effect of which the agent was capable was 
approximately 35 per cent above the control 
threshold, and the maximum threshold-raising ef- 
fect for quantities of acetylsalicylic acid, in 
amounts from 0.06 gram to 1.8 grams, was at- 
tained in approximately 50 to 100 minutes. 

3. The time-action curves of threshold-raising 
effect for acetylsalicylic acid revealed that essen- 
tial elimination increased at a constant rate with 
quantities up to 0.3 gram. However, with larger 
quantities of the agent, there was acceleration of 
the essential elimination rate so that duration of 
effect with 0.9 gram or 1.8 grams differed but 
slightly. 

4. The pain threshold-raising action of 0.3 
gram, respectively, of acetanilid, acetophenetidin 
and aminopyrine was measured. In these amounts 
these agents had time-action curves similar to that 
obtained with 0.3 gram of acetylsalicylic acid. 

5. Acetylsalicylic acid induced mild relaxation 
and lethargy. Acetanilid and acetophenetidin in 
comparable amounts induced greater relaxation 
and lethargy and difficulties in mentation. The 
therapeutic effectiveness of the latter agents rests 
in good part on their effects. 

6. The pain threshold-raising action of 30 and 
60 cc. of ethyl alcohol (oral) was measured. In 
these amounts the alcohol had a maximum 
threshold-raising action of 40 per cent above the 
control level. The larger amount had a longer 
duration but no greater threshold-raising action. 

7. The pain threshold-raising action, as well as 
other observable effects, of acetylsalicylic acid, 
acetanilid, acetophenetidin and ethyl alcohol was 
relatively slightly reduced by pain. A uniform 
pain stimulus was introduced just before or during 
the first 60 minutes after administration of the 
agents. Thus, the antagonism between pain and 
threshold-raising action noted in the case of the 


opiates is less evident or absent in the case of the 
above-mentioned agents. 

8. Some effects of alcohol were akin to those 
of the opiates. Of special significance in both 
were the emotional states referred to as freedom 
from anxiety and feelings of contentment and de- 
tachment. While in these states the subjects per- 
ceived pain but they were indifferent to it. Thus 
like the opiates but perhaps to a lesser degree, 
alcohol accentuates the ability to dissociate pain 
perception from the pattern of reaction to pain. 

9. The pain threshold-raising action of 1 cc. of 
trichlorethylene (inhaled) was measured. It had 
a maximum threshold-raising action of approxi- 
mately 40 per cent above the control level. 

10. The pain threshold-raising action of 0.5 
gram of the sodium salt of N-methylcyclohexenyl- 
methyl barbituric acid (“Evipal” brand) was 
measured. It had a maximum threshold-raising 
action of approximately 20 per cent above the 
control level and induced profound lethargy and 
defects in mentation. 

11. Caffeine sodiobenzoate, ergotamine tartrate 
and quinine sulphate had no pain threshold- 
raising properties. 

12. Various combinations of acetylsalicylic acid, 
codeine, acetanilid, acetophenetidin, the barbitu- 
rates and caffeine were studied. The pain 
threshold-raising effect of these combinations was 
no greater than that of their most effective in- 
gredient. Sedative and hypnotic effects, as well 
as defects in motility, seemed to be summative. A 
combination of these agents is therapeutically valid 
if it aims to attain useful psychological effects 
coupled with pain threshold-raising action. It is 
not valid, however, if it be assumed that the pain 
threshold-raising effects of the different ingredi- 
ents will summate. 
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Ever since the announcement by Troland and 
Lee (1) in 1938 of a platelet-reducing substance 
in the spleens of patients with idiopathic thrombo- 
cytopenic purpura, numerous efforts have been 
made to confirm their findings. Troland and Lee 
(2) were able to repeat their work at a later date 
with the same results. Their charts depicting the 
fall in platelets following the intravenous injection 
of acetone extracts of spleens from patients with 
thrombocytopenic purpura into rabbits, a cat, a 
dog, and a monkey, and the negligible diminution 
in platelets following injection of a similar extract 
of normal spleens are indeed impressive. Con- 
firming this initial work, we have been able to find 
only one article, that of Hobson and Witts (3). 
Here the decreases in numbers of the circulating 
platelets were not so great as those of Troland 
and Lee, but still great enough to seem conclusive. 

Far more numerous are those who have failed 
to demonstrate the presence of thrombocytopen, 
using a similar experimental technique. Among 
these are Pohle and Meyer (4), Major and Weber 
(5), Hodge and Strong (6), Tocantins (7), and 
Moore (8). Torrioli and Puddu (9) showed that 
extracts (not acetone) of spleens from patients 
with thrombocytopenic purpura applied in highly 
concentrated doses injure the megakaryocytes in 
cultures in vitro of the bone marrow of guinea 
pigs. They also found that similar extracts of 
normal spleens possessed like properties, but to a 
lesser degree. Torrioli and Pusic (10) showed 
that aqueous extracts of normal spleens, when 
given to rabbits in large intravenous doses, caused 
a reduction in circulating platelets. Torrioli and 
Puddu (9) point out that Troland and Lee in 
their work used spleens from patients with blood 
dyscrasias, congenital hemolytic jaundice and 
Banti’s disease. Troland and Lee also used 
splenic tissue from a patient who died of cardiac 
failure and from one whose spleen was removed 
because of a stab wound. 

Our interest in this controversial subject was 
stimulated by the opportunity of obtaining at op- 


eration the spleen from a patient whom we had 
followed for over a year and whose history and 
findings are summarized below. The other pa- 
tient with thrombocytopenic purpura died before 
this work was undertaken, but fortunately the 
spleen, which had been obtained at autopsy, had 
been ground up and placed in acetone for possible 
future examination. The spleens used as controls 
were taken at autopsy from a patient who died 
of multiple myeloma and from one who died of 
moniliasis of the lungs with pulmonary hemor- 
rhage. Platelet counts were done on both of 
these patients before death and were found to be 
normal. 

Following is a summary of the cases used in 
this paper: 

Case 1 , M. M., was a 22-year-old white American col- 
lege student who was first seen on August 17th, 1938, 
complaining of bruising easily for the past 8 years. Her 
family and past histories were not contributory. Her 
present illness consisted of easy bruising, sometimes with- 
out known trauma, severe nose-bleeds, profuse menstrual 
flow, occasional oozing gums, and profuse bleeding from 
small cuts over this 8-year period. There was no history 
of the use of any drugs during this time. There had 
been no previous treatment prior to entry here except for 
a diet high in Vitamin C, which gave no relief. 

On physical examination, temperature was 36.6° C., 
pulse 96, respirations 20, and blood pressure 112/58. She 
was a well developed and well nourished young woman 
in no distress. Color was good. Several petechiae were 
present on the feet. There were numerous ecchymotic 
areas under the tongue and on her body, the largest ones 
being on her left leg, warm, tender, with raised indurated 
central portions. The spleen and liver were not felt at 
the^ initial examination, but later were palpable. Exami- 
nation was otherwise not remarkable. 

Laboratory work included the following findings: RBC 
5,180,000 per cmm., Hgb. 85% (S), WBC 6,720 per cmm., 
with 67% polymorphonuclear neutrophiles, 30% lympho- 
cytes, and 3% eosinophiles ; platelets varied between 78,000 
per cmm. and 2000 red cells were counted and no plate- 
lets found. Ivy bleeding time varied between 13 minutes 
and over 49 minutes. Clotting time (Lee-White) varied 
between 5 and 7 minutes. Clot retraction was incomplete 
at 24 hours. Urine, stool, and blood Wassermann were 
all negative. 

For various reasons splenectomy was not done until 
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October 10th, 1939. The operation was uneventful and 
by the 6th post-operative day her platelet count had 
reached a high point of 1,996,800 per cmm., falling gradu- 
ally thereafter to around a 500,000 per cmm. level. No 
further bleeding occurred. 

Sections of the spleen, which weighed 116 grams, 
showed the sinuses to be irregularly dilated and the tissue 
to be infiltrated with well preserved red blood cells. The 
lymphoid follicles appeared normal, most of them having 
germinal centers. Around many of them were rings of 
extravasated red blood cells. The tissue contained con- 
siderable brown pigment. Sections of a small accessory 
spleen showed similar structure. 

One hundred grams of ground spleen were used for 
preparation of the extract to be injected into rabbits. 

Case 2, S. N., was a 65-year-old Japanese farmer com- 
plaining of bleeding gums for 3 weeks. The family and 
past histories were not contributory. He had always been 
well up to the onset of the present illness which started 
3 weeks before entry with bleeding from the gums fol- 
lowed by purpuric spots and ecchymoses all over the 
body, especially over the extremities. There was also 
oozing from the nose, and on one occasion bleeding for 
a few minutes from the left ear. Except for slight 
weakness he felt quite well. He denied taking any drugs 
prior to the onset of his illness and had had no subse- 
quent treatment except a Vitamin C preparation and yeast. 

On physical examination, temperature was 37° C, pulse 
was 88, respirations 22, and blood pressure 110/74. He 
looked well. There were fresh and regressing petechiae 
and ecchymoses all over the skin surface, especially the 
extremities. The gums were spongy and oozing blood. 
The cheeks, lips, and tongue were also oozing blood. 
The edge of the spleen was palpable 3 to 4 cm. below 
the left costal border. The liver was not felt. Exami- 
nation was otherwise not remarkable. 

The laboratory work included the following findings: 
RBC 4,450,000 per cmm., Hgb. 80% (S), WBC 9,500 
per cmm. with 67% polymorphonuclear neutrophiles, and 
30% lymphocytes; platelets varied between 80,750 per 
cmm. and 14,000 per cmm., reticulocytes were 0.6% of 
erythrocytes. Bleeding time was 10 minutes. Clot re- 
traction was extremely poor at 24 hours. Urine and 
blood Wassermann were negative. Stool was strongly 
positive for occult blood (Guaiac). 

This patient’s course in the hospital was steadily down- 
hill, and in spite of repeated transfusions he died follow- 
ing a large hematemesis 9 days after admission. 

After autopsy the anatomic diagnosis was as follows : 
“ Purpura with hemorrhage, stomach, fatal. Pneumonia, 
bronchial. Pericarditis, subacute, mild. Tuberculosis, 
lungs, apical, healed with pleuritis, chronic, adhesive. 
Hyperplasia of prostate, nodular, with hypertrophy of 
bladder. Arteriosclerosis, general, mild. Gastritis, sub- 
acute.” The spleen weighed 60 grams. The capsule was 
markedly wrinkled and of a slate gray color. On -cut 
section, it was softer than normal and the markings were 
moderately prominent. On microscopic examination, the 
malpighian bodies were poorly outlined. The trabeculae 


and capsule were moderately thickened. The pulp was 
almost devoid of red blood cells. It was highly cellular. 
Many of the cells were large and could be identified as 
reticulum cells. Others were morphologically myeloid 
cells. One section showed a considerable deposit of 
golden brown granular pigment. 

Marrow from a rib, the sternum, and a vertebral body 
was moderately hyperplastic, with abundant elements of 
both the erythrocytic and myelocytic series. Megakaryo- 
cytes were slightly increased in counts from smears. Dif- 
ferential count of hematopoietic cells was as follows: 
Primitive blasts 1%, myelocytes and metamyelocytes 
76.5%, polymorphonuclear neutrophiles 2%, eosinophiles 
1.5%, endothelial cells 1%, plasma cells 1.5%, normo- 
blasts 16%, megakaryocytes 0.5%. 

Sixty grams of ground spleen were used for prepara- 
tion of the extract to be injected into rabbits. 

Case 3 (Control), L. L., was a 16-year-old Chinese 
schoolgirl who had been followed in this hospital for 11 
years because of recurrent bouts of bronchopneumonia 
and hypochromic microcytic anemia. Guinea pigs inocu- 
lated with the patient’s sputum showed lesions from 
which a Monilia was isolated. Her last entry on Janu- 
ary 6th, 1940, was because of hemoptysis for 24 hours 
before entry. 

On physical examination the temperature was 40° C., 
the pulse 140, the respirations 64, and the blood pressure 
118/45. She was acutely ill, cyanotic, semi-stuporous, 
and bringing up moderate amounts of bright red blood. 
Other than this, positive findings were confined to the 
chest, both lungs being full of coarse rales anteriorly and 
posteriorly. The liver and. spleen were not felt. 

Laboratory work was as follows: RBC 4,400,000 per 
cmm., Hgb. 64% (S), WBC 27,200 per cmm. with 90% 
polymorphonuclear neutrophiles, and 8% lymphocytes; 
platelets were 312,000 per cmm. No urine was obtained. 
Stool was negative for occult blood. 

Death occurred 3 hours after entry. 

The autopsy diagnosis was: Hemorrhage, lung recent, 
with (a) Hemorrhage, lung old; ( b ) Siderosis, lung, 
marked; ( c ) Fibrosis, lung, marked; ( d ) Carnification, 
lung; ( e ) Pneumonia, bronchial, mild; (/) Fibrosis, 
lymph node, peribronchial; ( g ) Siderosis, lymph node, 
peribronchial; ( h ) Emphysema, lung. Arteriosclerosis, 
generalized, mild. Cyst, ovary, unilocular. 

The spleen weighed 175 grams. The surface was 
smooth and the capsule finely wrinkled. On section the 
pulp was soft but not mushy and could not be scraped off 
with a knife. The tissue was everywhere dark red save 
for multiple and well defined malpighian bodies measur- 
ing between 1 to 2 mm. in diameter. On microscopic 
examination, the capsule and trabeculae were thin. There 
was no fibrosis of parenchymal tissue. The malpighian 
bodies were large. A few of the sinuses were dilated 
and engorged with blood; most, however, were collaps 
and there were large lakes of coagulated edema fluid as 
well as much recent hemorrhage in the intersmusoidal 
spaces of the pulp. Many small brown pigment granules 
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were scattered about. Polymorphonuclear neutrophiles 
were not frequent. 

Bone marrow from the sternum showed about 20 to 30 
per cent of the marrow substances to be replaced by fat. 
Normoblasts and clusters of erythrocytes were common. 
Myelocytes and megakaryocytes were abundant. 

One hundred grams of ground spleen were used for 
preparation of the extract to be injected into rabbits. 

Case 4 (Control), J. McA., was a 73-year-old white 
farmer who complained. of a lump on the breast bone for 
16 months and a sore right shoulder for 6 months. 

On physical examination, the essential findings were a 
blood pressure of 186/104, moderate arteriosclerotic 
changes in the retinal and peripheral vessels, a tender, 
firm swelling at the upper end of the right humerus, and 
a firm rubbery mass over and attached to the upper 
sternum. 

Laboratory work was as follows: RBC 4,000,000 per 
cmm., Hgb. 80% (S), WBC 9000 per cmm. with 75% 
polymorphonuclear neutrophiles and 20% lymphocytes; 
platelets were 346,000 per cmm. Urine showed Bence- 
Jones protein. Stool showed no occult blood. Bone 
survey showed multiple areas of bone destruction. 

The patient's course was steadily downhill. Autopsy 
diagnosis was multiple myeloma, plasma cell type — 
sternum, clavicle, skull, humerus, ribs, vertebrae, ilia. 

The spleen weighed 125 grams and had a smooth, 
slightly wrinkled capsule. On section, the tissue was 
soft, dark reddish purple, with the pulp scraping away 
fairly readily with the knife edge. On microscopic ex- 
amination, there were large areas of red blood cell 
extravasation. The follicles were small and without 
germinal centers. 

Sections of the bone marrow free of tumor were 
normal save for a rather high number of normoblasts. 

One hundred grams of ground spleen were used for 
preparation of the extract to be injected into rabbits. 

methods 

In preparing the extracts from these spleens the same 
procedure was used throughout, with one exception noted 
below. The spleens were removed direct from the op- 
erating room or morgue and immediately ground by run- 
ning once through a kitchen meat grinder. The grind- 
ings were weighed and placed in five volumes of reagent 
acetone. The mixture was then placed in the ice-box, 
was frequently shaken, and was allowed to remain there 
for a minimum of 3 weeks. The acetone from the spleen 
of Case 1 was distilled off by heat in a water bath. 
Evaporation was used with the remaining three. The 
resulting brownish, sticky residue was then shaken thor- 
oughly with 100 cc. of distilled water and the resulting 
suspension filtered first through coarse filter paper and 
then through a Seitz filter into a sterile suction flask. 

Male rabbits weighing between 2 and 2.5 kilos were 
used for injection, a new rabbit being used for each 
injection. Prior to injection platelet counts were done 
at varying intervals for 3 to 5 days. This was done both 


for purposes of standardization and also to ascertain 
whether there was any marked difference in the count 
at different times of day or night. We found none. • The 
direct method of Rees and Ecker was used, and each 
count was checked in a separate counting-chamber. Both 
chambers were thoroughly searched for clumping, and if 
any was found the count was repeated. Pipettes were 
shaken in a mechanical shaker for 10 minutes and the 
platelets allowed to settle in the counting-chamber for 
another 10 minutes before the count was started. The 
diluting solution was passed through a Seitz filter every 
24 hours to exclude the possibility of any dust particles 
or bacteria confusing the count. 



Fig. 1. Injection of First Sample of Splenic Ex- 
tract of Patient M. M. Who Had Idiopathic Throm- 
bocytopenic Purpura 

First rabbit, injected by R. 



Fig. 2. Injection of Second Sample of Splenic 
Extract of Patient M. M. 

Second rabbit, injected by B. 
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Twenty cubic centimeters of the aqueous solution pre- 
pared as stated above were injected into the marginal 
ear vein of a rabbit after a final control count had been 
done. These control counts and the counts done at 
intervals of 5 hours thereafter are recorded in the accom- 
panying charts. 



Fig. 3. Injection of Third Sample of Splenic 
Extract of Patient M. M. 

Third rabbit, injected by R. 



Fig. 4. Injection, of Fourth Sample of Splenic 
Extract of Patient M. M. 

Fourth rabbit, injected by B. 

RESULTS 

In all the rabbits injected with extract from 
spleens of thrombopenic purpura patients there 
was a distinct drop in platelets. Many control 
counts before injection indicate that these drops 
are significant. Extracts from control cases uni- 
formly failed to produce any definite fall in the 
platelet count. 


We have almost nothing to add to the com- 
ments already set forth in preceding papers. We 
have carefully studied the published case reports 
and can find nothing to explain why the platelet 
reducing substance is sometimes found and more 
often not. Almost all of the reports concern cases 
which were undoubtedly instances of idiopathic 
thrombocytopenic purpura. None of the abstracts 
of the pathological findings gives any clues as to 
this discrepancy. The technique used by the dif- 
ferent workers was too similar to permit any ex- 
planation along this line. Why we failed to obtain 
any marked drop in the platelet level at 5 hours, 
as did Troland and Lee, but for the most part 



Fig. 5. Injection of First Sample of Splenic Ex- 
tract of Patient S. N., Who Had Idiopathic Throm- 
bocytopenic Purpura 


Fifth rabbit injected by R. 



Fig. 6. Injection of Second Sample of Splenic 
Extract of Patient S. N. 

Sixth rabbit injected by B. 
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obtained slower falls and rises, adds still another 
unanswered question. 

SUMMARY 

1. Spleens from two patients with idiopathic 
thrombocytopenic purpura and from two control 
patients with no evidence of this disease were ex- 
tracted according to the method of Troland and 
Lee. 

2. The splenic extracts were injected into 
healthy young male rabbits, the platelets of which 



Fig. 7. Injection of First Sample of Splenic Ex- 
tract of Patient L. L., Who Died of Moniliasis and 
Had No Evidence of Idiopathic Thrombocytopenic 
Purpura 

Seventh rabbit, injected by R. 



Fig. 8. Injection of Second Sample of Splenic 
Extract of Patient L. L. 

Eight rabbit, injected by B. 


had been counted and repeatedly checked before- 
hand. 

3. In the rabbits injected with extracts from 
the spleens of the patients with idiopathic throm- 
bocytopenic purpura, the platelets dropped mark- 
edly in number, whereas in rabbits injected with 
control extracts there was no appreciable drop. 

4. We consider these data as confirmatory of 
the work of Troland and Lee. 



Fig. 9. Injection of First Sample of Splenic Ex- 
tract of Patient J. Me A., Who Died of Multiple 
Myeloma and Had No Evidence of Idiopathic Throm- 
bocytopenic Purpura 

Ninth rabbit, injected by R. 
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Fig. 10. Injection of a Second Sample of Splenic 
Extract of Patient J. McA. 

Tenth rabbit, injected by B. 
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The method of Marshall and Grollman (1) for 
measuring the arteriovenous oxygen difference by 
forcible rebreathing of a mixture of air, oxygen 
and acetylene has been criticized on the grounds 
that gas samples are taken during a period when 
significant amounts of blood containing acetylene 
are returning to the lungs; that is, from 15 to 23 
seconds after the beginning of rebreathing. On 
the other hand, if samples are taken too soon after 
the beginning of rebreathing they may contain bag 
or lung air which has not been completely mixed. 
The three sample technique (2) which provides 
for the calculation of duplicate results for arterio- 
venous difference was introduced to overcome 
these objections. However, the use of this proce- 
dure in 76 experiments in our laboratory yielded 
second values which averaged 12 per cent higher 
than the first values, indicating increasing recir- 
culation of acetylene. Hence it is not justifiable 
to accept even the first value, because without 
clear-cut checks between the two figures either or 
both of them may be subject to errors due either 
to recirculation or to incomplete lung-bag equi- 
librium. An attempt was made to evaluate these 
two sources of error and to devise a method which 
eliminated them. 

EXPERIMENTAL 

Multiple expiratory samples. The valve as de- 
scribed by Grollman was modified to permit with- 
drawal of six samples during successive expira- 
tions at the time of forcible rebreathing of the 
acetylene air mixture. The arteriovenous oxygen 
difference calculated from successive pairs showed 
a progressive rise when the samples were taken 
from 12 ;to 30 seconds after the beginning of re- 
breathing. During the first 10 seconds the results 
were irregular, often very low or very high, and 
successive values frequently varied widely. 

Multiple samples of “ alveolar ” and “ hag ” gas. 
The valve was modified further by the introduc- 


tion of a quickly acting flap valve between the bag 
and the sampling tube connections at the mouth- 
piece and provision was made for sampling at the 



Fig. 1. Acetylene and Oxygen Concentrations in 
Alveolar and Bag Gases During Two Rebreathings, 
Together with the Corresponding Arteriovenous 
Oxygen Differences 

Samples were taken at the end of successive expirations. 
The first experiment extended through the first three 
breaths (9.5 seconds). In the second experiment sam- 
pling was started following the third breath (7 seconds) 
and carried on for five successive breaths. 

other end of the bag as well. At the end of suc- 
cessive expirations the flap valve was closed mo- 
mentarily and samples composed principally of 
alveolar gas were taken at the mouthpiece; other 
samples, representing a mixture of some alveolar 
gas with all of the gas from the dead spaces in 
the bag, valve, and upper respiratory tract, were 
taken simultaneously from the end of the bag. 
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ARTERIOVENOUS OXYGEN DIFFERENCE FROM SUCCESSIVE ALVEOLAR AND BAG SAMPLES 
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Fig. 2. Graphs of Actual Results of Rebreathing to Illustrate Types of Accurate and Inaccurate 

Determinations 

The length of the vertical bar at the left of each figure is the range within which the value for arteriovenous 
oxygen difference can be assumed to lie. When a probable correct figure can be pointed out within this range, 
it is indicated by a horizontal line drawn from the vertical bar. 


After lung-bag equilibrium had occurred the gas 
concentrations in successive “ alveolar ” and 
“ bag ” samples fell on approximately parallel 
lines. This situation is present early in the case 
of oxygen, since the difference between normal 
alveolar oxygen concentration and bag oxygen 
concentration at the beginning of rebreathing is 
relatively small. In a typical experiment (Fig- 
ure 1) oxygen equilibrium was established in one 
breath. Some delay occurred in the case of 
acetylene, since initially the bag concentration was 
over 20 per cent and the alveolar concentration 
was zero. Acetylene equilibrium was established 
at the fourth breath (Figure 1). In the second 
rebreathing (Figure 1) sampling was begun after 
the third breath and both oxygen and acetylene 


values were found parallel. After the establish- 
ment of equilibrium the decrease in acetylene val- 
ues (acetylene difference) from breath to breath 
was the same in “ alveolar ” and ** bag ” gas ; 
prior to this the decrease was smaller in the former 
than in the latter. 

THE MODIFIED METHOD 

The above-described experiments proving the difficulty 
in determining when lung-bag equilibrium has been 
reached with the Grollman technique and the demon- 
stration that this difficulty is obviated by means of the 
above-described modification of the valve and method, 
led to the formulation of the present technique for meas- 
uring cardiac output by means of the forcible rebreathing 
of mixtures of air, oxygen, and acetylene. 

The gas mixture is made up as described by Mars la 
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and Grollman (2) equal in volume to two-thirds to three- 
fourths of the vital capacity of the subject. Strenuous 
preliminary expiration leaving only the residual air -in 
the lungs, together with a large amount of bag gas, 
favors rapid equilibration. The rebreathing is performed 
with the subject in bed elevated by a back rest to about 
45°. Sampling is accomplished from both the mouthpiece 
and the bag, as described above, using the modified valve. 
Analyses are performed by means of a modified Haldane 
apparatus and the oxygen consumption is determined in 
duplicate by means of the Benedict-Roth apparatus. 

Plotting the obtained oxygen and acetylene values (Fig- 
ure 1) docs not permit accurate judgments regarding 
the slope of lines in various periods, since estimation of 
the time of sampling is subject to an error of at least 
half a second. On the other hand, values for arterio- 
venous oxygen difference calculated from these data are 
suitable for detecting small errors, since slight inaccura- 
cies in timing samples are not important in this connec- 
tion. A definite but short plateau in the values for 
arteriovenous oxygen difference is evident before recircu- 
lation occurs, in this case some time between 14 and 18 
seconds after the beginning of rebreathing. This plateau 
represents the true value for arteriovenous oxygen dif- 
ference uninfluenced by errors due to lack of lung-bag 
equilibrium or recirculation of acetylene. 

The time of this plateau is variable from person to 
person and in the same subject from day to day. Figure 
2A represents a continuous plateau with equilibration 
after 6 seconds and little or no recirculation at 20 sec- 
onds. This result is no more accurate than the short 
but definite plateau in Figure 1. Figure 2D illustrates 
the occurrence of recirculation without establishment of 


lung-bag equilibrium. If six respirations are made and 
samples of “alveolar” and “bag” gas are taken after 
the second and each succeeding expiration, and the re- 
breathing is completed in about 20 seconds, a plateau with 
values calculated from “ alveolar ” and " bag " samples 
coinciding is usually demonstrated. This ordinarily oc- 
curs between the third and fifth expirations and, when 
this is so, analyses of the second, third, and fourth sam- 
ples from each source are sufficient. It is desirable to 
have the other samples available, however, because when 
irregular results are encountered in the calculations from 


these six samples a plateau may be demonstrated earlier 
or later from the other two pairs of samples. If not, 
the cause of the unsatisfactory result may often be identi- 
fied and the next rebreathing modified by changing the 
sampling time or the volume of gas in the bag. 

The determination can be accepted as accurate only 
wbtn the values calculated from “ bag ” samples coincide 
jvith those calculated from “ alveolar ” samples, indicating 
ung-bag equilibrium during a plateau consisting of suc- 
cessive values in agreement, thus signifying the absence 

0 ef rors to be described below. 

principles used in evaluating each result are also 

1 ustrated i n Figure 2, Some of the individual values in 
ch graph have been disregarded as obviously due to 

errors described below. The range within which the 


arteriovenous oxygen difference can be said to lie, after 
the obvious errors have been discarded, is indicated in 
each graph by a vertical line at the left. When the range 
is small it is valid to accept the midpoint of that range 
as the result, subject to an error of half that range. In 
instances in which the range is larger- it is safer to 
consider the range within which the value may possibly 
fall; acceptance of the most probable value within that 
range, as in Figure 2B , should wait upon additional 
determinations. 

Sources of error. ( 1 ) Leaks. Very strenuous breath- 
ing, either inspiration or expiration, increases the inci- 
dence of mouthpiece and nose-clip leaks. Leaks during 
sampling may also occur. Irregularities in results caused 
by these factors are readily detected (Figure 2 B and C). 

( 2 ) Small lung-bag volume. Small total lung-bag 
volume, due either to small initial volume or to with- 
drawal of frequent or large samples, causes an error 
resembling that due to recirculation. This error increases 
progressively from interval to interval as the lung-bag 
volume is reduced, since the samples show progressively 
larger oxygen and acetylene percentages in relation to 
true alveolar gas, and since more acetylene than oxygen 
usually is absorbed. In practice, it is not always possible 
to distinguish between the effect of recirculation and 
this error. 

( 3 ) Inadequate mixing. Errors due to incomplete 
mixing are revealed by marked differences between “ bag ” 
and “ alveolar ” gas concentrations. Calculations of 
arteriovenous oxygen difference from data obtained be- 
fore lung-bag equilibrium is attained, yield falsely high 
values if “alveolar” gas is used and falsely low values 
if “bag” gas is used (Figure 1). Errors introduced by 
lack of equilibrium of acetylene and oxygen are in oppo- 
site directions; since the lack of acetylene equilibrium is 
more marked at the beginning and more persistent, the 
total errors are in the direction of the errors due to 
acetylene imbalance. 

(4) Recirculation. Errors due to this factor are read- 
ily detected by the absence of a definite plateau. This 
error can occur as early as 15 seconds after the beginning 
of rebreathing but in some instances there is no evidence 
of recirculation up to 20 seconds. Individuals show con- 
siderable day-to-day variation in this respect. When 
samples are taken after each expiration this error can 
be identified more accurately than with few samples. 
Samples from two sources help to distinguish errors 
due to recirculation from other errors. 

(5) Analytical errors. Analytical inaccuracies intro- 
duce larger errors in the final result when sampling is 
frequent and the differences between successive samples 
are small; but if duplicate values agree within 0.03 per 
cent, the final error is seldom large enough to be impor- 
tant. Nevertheless, the accuracy of gas analyses is a 
factor which largely determines the accuracy of this 
method. 

Accuracy of method. Eighty-two rebreathings have 
been performed on five subjects, using the method as de- 
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CHANCE IN ARTERIOVENOUS OXYGEN DIFFERENCE. 



Fig. 3. The Vertical Bars Represent the Range of Arteriovenous Oxygen Difference 
Determined for Each Rebreathing as in Figure 2 


The values are those included in Table I. The abscissa represents the time relationship of 
the determinations. The bars representing the determinations on each individual are connected 
by a line drawn as nearly horizontal as possible through the whole series. This indicates the 
minimum variation from time to time. 


table i 

Range of accuracy of arteriovenous oxygen difference in 82 
determinations on two normal subjects and three patients * 


Number of determinations 


Range (Per cent 

Subjects 


of midpoint) 



1 



Total 


Normals 

Patients * 

sub- 






i 

jects 


S. S. 

B.E. 

M. R. 

A. D. 

A. H. 


0-5 

1 

3 

4 

1 


9 

6-10 

3 

2 

11 

8 

5 

29 

11-15 

5 

4 

8 

5 

2 

24 

16-20 

5 

4 

3 

1 

2 

15 

21+ 

1 



3 

1 

5 


* See text for diagnosis. 

Subjects were sitting in bed with the back rest elevated 
to an angle of 45°. 


scribed above. Subjects S. S. and B. E. were normal, 
subjects A. H. and A. D. had chronic rheumatic heart 
disease with symptoms of cardiac insufficiency but no 


rales in the lungs, and subject M. R. was convalescing 
from rheumatic fever with intermittent slight fever but 
no increase in sedimentation rate or leukocytosis ; she had 
been in bed for over a year at the time of study. All 
determinations were made in the morning under basal 
conditions. 

Maximum and minimum values for each rebreathing 
are indicated in Table I and Figure 3, individual values 
obviously in error being discarded according to principles 
illustrated in Figure 2. No completed rebreathings are 
omitted, however. In Table I the difference between 
maximum and minimum possible values is expressed in 
percentage of the midpoint between them so that the 
greatest possible error of this midpoint is half the differ- 
ence between the maximum and minimum values. In 
38 of the 82 determinations the error was 5 per cent or 
less and in 62 of the 82 it was 7.5 per cent or less. 

The accuracy with which physiologic variation can be 
determined is limited by the precision of individual values. 
The minimum real change in these subjects is represented 
graphically in 'Figure 3. The actual variation may ex 
ceed this. For example, the pair of determinations made 
on successive days on patient A. H. (marked X, Figure 
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3) shows a definite minimum increase of 6.5 cc. per liter 
in arteriovenous oxygen difference represented by the 
line connecting the bars, and a maximum possible real 
increase of 15.3 cc. per liter (the difference between oppo- 
site ends of the bars). This change could be expressed 
as 10.9 d: 4.4 cc. per liter. 

At times 2 determinations, each of which is unsatis- 
factory, may provide reasonably good evidence that the 
arteriovenous oxygen difference lies within a narrow 
range as shown in the two observations marked Y (Fig- 
ure 3, patient A. D,). 


DISCUSSION 

The studies described here demonstrate that 
complete mixing in the lung-bag system used may 
occur in two breaths and is usually achieved by 
four breaths. This is earlier than was indicated 
by the experiments of Grollman and Marshall (4) 
who concluded that equilibration required 15 sec- 
onds. Gladstone and Back (5), however, have 
pointed out the fallacy in the work of Grollman 
and Marshall. The present studies confirm the 
observations of Gladstone and Dack in regard to 
the excretion of excessive amounts of C0 2 during 
the first 15 seconds of rebreathing; lung-bag 
equilibrium could not become apparent in Groll- 
man and Marshall’s experiments (4) while an 
excess of CO* was being removed from the blood 
by deep breathing. The contention of Grollman 
and Marshall that rebreathing must proceed for 
15 seconds before lung-bag equilibration is accom- 
plished is therefore apparently erroneous. The 
modified method described here makes possible 
the certain detection of inadequate lung-bag mix- 
ing and so avoids the errors pointed out by Groll- 
man (1) and Hamilton, Spradlin, and Saam (3). 

That recirculation of blood containing acetylene 
occurs in less than 20 seconds has been shown by 
Hamilton et al . (3), Starr and Collins (6) and 
Gladstone (7), as well as by the results of the 
experiments described here. However, the modi- 
fied method suggested obviates errors due to this 
factor. 

Although the modifications suggested here make 
the method more involved, it is less complicated 
for the subject than partial inspiration from each 
of two bags, as in the Gladstone modification (8). 
Reduction of the volume of the lung-bag system, 
as recommended by McMichael (9), may serve to 
increase rather than decrease the errors of the 
original Grollman method. Time expended in 


making gas analyses is increased two- to fourfold 
by our method but this increase is made worth- 
while by considerations outlined above. 

While this method makes possible the recogni- 
tion of errors due to incomplete lung-hag equi- 
librium, recirculation, leaks in the lung-bag system 
and sampling tubes and analytical inaccuracies, it 
should be pointed out that there are other uncer- 
tainties in the method. Some of these are: in- 
complete saturation of blood by acetylene due to 
circulatory shunts from one side of the heart to 
the other and to abnormalities of the lung; 
changes of alveolar oxygen concentration by deep 
breathing when alveolar oxygen falls too low 
during the determination or when the arterial 
oxygen saturation is below normal during normal 
respiration (the alveolar oxygen, and therefore the 
arterial saturation, are raised during rebreathing) ; 
changes in the blood which modify the solubility 
coefficient of acetylene ; and diffusion of acetylene 
into tissues of the respiratoiy tract other than 
blood. These errors are probably small or of only 
occasional occurrence and have been discussed 
elsewhere. 


CONCLUSIONS 


1. In determining arteriovenous oxygen differ- 
ence with the acetylene method, multiple samples 
of “ alveolar ” and “ bag ” gas make it possible 
to identify the establishment of lung-bag equi- 
librium of the acetylene-air mixture and the be- 
ginning of recirculation of acetylene-containing 
blood to the lungs in each instance. Analytical 
inaccuracies and leaks, as well as most of the 
many irregularities encountered in a procedure 
of this type, are identified. 

2. The time required to achieve lung-bag equi- 
librium and the time of the first appearance of 
recirculation are variable, but they usually occur 
much earlier in the period of rebreathing than 
Grollman (2) indicated. 

3. The interval between the establishment of 
equilibrium and the occurrence of recirculation 
varies, but is usually long enough to allow at least 
two complete respirations. This is sufficient for 
an accurate determination of arteriovenous oxygen 
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The distribution of lipids in the liver has been 
studied rather thoroughly during the past 10 years 
but most of the observations have been on the 
livers of normal or diabetic dogs (1, 2, 3) and on 
rats (4, 5). Reports of the fat content of human 
livers, either normal or pathological, have in com- 
parison been limited (6, 7, 8)* Such analyses 
on human livers are of increasing interest because 
the experimental studies on the production of fatty 
livers in animals have suggested not only new etio- 
logical factors but also means by which fatty in- 
filtration of the liver might be prevented (9, 10), 
One factor obviously capable of influencing the 
deposition of fat in the liver is the external secre- 
tion of the pancreas. This has been shown by 
the fact that, when the pancreatic ducts were li- 
gated in dogs, marked fatty infiltration of the liver 
occurred (11, 12). This fatty infiltration was not 
accompanied by any demonstrable disturbance of 
carbohydrate metabolism but was similar in degree 
and type to the fatty infiltration of the liver ob- 
served in the depancreatized dog. In both the 
dog with the ligated duct and the depancreatized 
animal choline in doses of 2 grams daily was 
capable of preventing the deposition of fat in the 
liver. Recently we observed another interesting 
fact (13), namely, that regardless of the patho- 
logical state of the dog, fatty infiltration of the 
liver did not occur if in place of whole meat the 
dogs were fed a diet containing the dried meat 
powder from which the water-soluble extractives 
had been removed. 

In humans, fatty livers have been observed at 
postmortem in cases of chronic alcoholism, dia- 
betes mellitus, marked obesity and occasionally in 
certain endocrine disorders. The great majority 
of such observations have'iteen based on the gross 
and microscopic appearance of the livers. Chemi- 
cal analysis of the liver gives mot only a more 
exact idea of the total amount of lipid but it is 
the only means of determining th\ nature of the 
lipid changes that may have taken place. 


TABLE i 

The rale of change in the analytical values of the lipids of a 
normal , intact dog liver kept in refrigerator 


Sample 

num- 

ber 

Time 

elapsed 

Total 

lipids 

Total 

fatty 

adds 

Total 

choles- 

terol 

PhosphcJ 

lipids 

Neutral 

fat 


hours 

per cent 

Per cent 

mgm, 
per cent 

per cent 

per cent 

1 

0.5 

3.41 

2.36 

239 

2.30 

0.87 

2 

4.5 

3.45 

2.43 

241 

2.19 

1.02 

3 

23.0 

3.19 

2.29 

231 

1.82 

1.13 

4 

i 

46.0 

3.36 

i 

2.45 

245 

1.80 

1,32 


PROCEDURE 

In this study we wished to reexamine the earlier ob- 
servations of the lipid content and distribution in normal 
human livers and, in addition, to study the changes that 
might occur as a result of fiver damage. The normal 
group consisted of 25 subjects killed in accidents in whom 
no gross pathological findings were observed at autopsy 
except those connected with the immediate cause of 
death. The pathological group consisted of 25 patients 
with well established histories and evidences of chronic 
alcoholism and 5 cases of cirrhosis of the fiver with no 
history of alcoholism. Liver samples were obtained in 
most of the cases within 24 hours after death. In order 
to check the effect of any postmortem changes on the 
various lipid fractions, fresh specimens of dog liver were 
kept in the ice box and determinations were done at in- 
tervals of % f 4%, 23 and 46 hours (Table I). The only 
significant change found was in the apparent concentra- 
tion of phospholipids (calculated as lecithin) and of neut- 
ral fat, which is discussed later. Lipids and their frac- 
tions were done by the methods previously described 
from this laboratory (1). 

RESULTS 

The normal group (Table II) consisted of 20 
males and 5 females. The ages varied from 4 to 
81 years. The average total liver lipid for the 
group was 4.98 grams per 100 grams of wet liver. 
The range was from 2.42 to 8.41 grams per cent. 
In 19 of the cases the total lipid did not exceed 
5.41 grams per cent. In all probability in the 
normal liver the concentration of total lipid will 
not exceed 8 grams per cent. This corresponds 
with the values reported by Breusch and Scala- 
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TABLE II 


Liver lipids in normal subjects 


! 

Case 1 
number 

1 

Age 

Sex 

Liver 

weight 

Total 

lipids 

Fatty 

acids 

Cholesterol 

Phos- 

pho- 

lipids 

Neu- 

tral 

fat 

Free 

Total 

| 




grams 

grams 

mgm. 

.mgm. 

grams 

grams 




grams 

per 

per 

per 

per 

per ' 

Per 





cent 

cent 

cent 

cent 

CCjll 

cent 

8 

50 

M 

1500 

3.26 

2.34 

197 


2.42 

1.35 

12 

30 

M 

1250 

8.41 

6.98 

199 


1.81 

6.0 

15 

10 

M 

950 

3.55 

2.25 


297 

1.73 

1.12 

16 

74 

F 

1200 

6.35 

4.30 


296 

2.53 

2.72 

17 

35 

M 

1300 

4.92 

2.98 


388 

2.34 

1.38 

4 

34 

M 

1760 

4.25 

2.69 

217 

249 

3.03 

0.69 

35 

45 

M 

1630 

4.42 

3.54 j 


240 

2.42 

2.03 

47 

30 

M 

1820 

2.42 

1.62 


256 

1.47 

0.63 

49 

55 

M 

1800 

6.22 

4.37 


309 

2.54 

2.70 

50 

40 

M 

1670 

5.41 

2.38 


261 

2.57 

0.69 

69 

59 

F 

1370 

4.08 

2.68 



1.94 

1.40 

60 

55 

M 

1780 

8.50 

7.22 



1.46 

6.5 

61 

18 

F 

1200 

4.81 

3.06 



2.16 

1.67 

63 

14 

M 

1100 

3.55 

2.16 



1.53 

1.17 

71 

62 

M 

1500 

4.26 

2.95 



1.67 

1.90 

72 

55 

M 

1620 

6.49 

5.05 



1.68 

4.1 

76 

4 

M 

530 

1 5.03 

3.38 



. 


77 

35 

F 

1170 

4.44 

2.88 




i 

80 

39 

M 

1500 

4.65 

3.18 





81 

49 

M 

1450 

15.01 

3.37 





85 

35 

M 

1640 

3.51 

2.54 





89 

45 

M 

1470 

3.44 

2.49 





90 

81 

M 

1410 

5.29 

3.62 





94 

50 

M 

1540 

8.02 

6.89 





100 

39 

F 

1300 

4.10 

2.68 





Average 



1430 

4.98 

3.50 

204 

283 

2.08 

2.26 


brino (7) and by Kennaway and Leathes (8). It 
is also the upper limit of the liver lipid in normal 
dogs (1). Total cholesterol determinations were 
done in 9 of these cases. The average was 283 
mgm. per cent. In 2 cases the total was over 300 
mgm. per cent. The greater portion of cholesterol 
in the liver is present normally as free cholesterol 
(1). Neutral fat and lecithin determinations 
were done in 16 of the cases. The lecithin aver- 
aged 2.08 grams per cent, with a range from 1.46 
to 2.57 grams per cent. The average value for 
neutral fat was 2.26 grams per cent with a range 
from 0.69 to 6.54 grams per cent. In only 2 cases 
was the concentration over 6 grams per cent and 
in only 2 cases was the concentration as low as 
0.69 gram per cent. As one would expect, the 
higher neutral fat values were found in the cases 
with total lipids at the upper level, e.g., 8 grams 
per cent. The total liver lipid in a normal indi- 
vidual may reflect to some extent the nutritional 
state or it may be related to the ingestion of food, 
particularly fatty foods. 

In the group of 25 patients with alcoholic his- 


tories (Table III) the findings in the livers pre- 
sent certain striking changes. The total lipid was 
elevated above 9 grams per cent in 13 cases, the 
highest being 34.8 grams per cent. Of the 13 
cases with elevated total lipid, one had meningitis, 
2 had pneumonia, 3 had jaundice with ascites and 
early cirrhosis, one had periportal fibrosis and cir- 
rhosis, one had coronary sclerosis and one had 
tuberculosis. The increase in total lipid in these 
13 livers was due to an increase in the neutral fat 
fraction. This is the type of change that is al- 
ways found in fatty livers and is also seen in the 
livers of depancreatized dogs or dogs with ligated 
pancreatic ducts (10, 11). ’ In the remaining 12 
cases the total liver lipid varied from 2 to 7.07 
grams per cent. Of these 12 cases, in addition to 
alcoholism, 3 were cardiacs, 2 died following an 
accident, 1 had a hypernephroma, 1 was a patient 
with hemochromatosis and diabetes who was ad- 
mitted in ketosis and was kept on a low fat diet 
and insulin, 2 had portal cirrhosis and 3 cases were 
uncomplicated. The complications may have had 
some effect on the total amount of lipid in the 
liver, particularly when associated with malnutri- 
tion or low fat diets. Undoubtedly, in these cases 
the phase of fatty infiltration had preceded the 
cirrhotic stage. The total cholesterol, measured 
in 16 of the 25 livers, was above 300 mgm. per 
cent in 10 cases. In 8 cases this elevated choles- 
terol was in livers in which the total lipid was ele- 
vated. The elevation was due apparently to an 
increase in the esterified fraction, as the free cho- 
lesterol averaged 254 mgm. per cent. The in- 
crease of cholesterol in the fatty livers was not 
proportional to the increase in neutral fat, e.g., in 
Case 39 the neutral fat was 32.5 grams per cent 
and the total cholesterol was 317 rngm. per cent, 
whereas in Case 1, the neutral fat was 11.2 grams 
per cent and the total cholesterol was 406 mgm. 
per cent. In depancreatized dogs the cholesterol 
infiltration into the liver tends to parallel the fatty 
infiltration (10). The fact ‘that this was not ob- 
served in this group of human livers may reflect 
the difference in the cholesterol content of the diet. 
Note should be takemof the fact that the majority 
of these patients had some other complication be- 
sides alcoholism. 

In Table IV are reported the lipid values in 5 
cases of cirrhosis of the liver uncomplicated by 
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TABLE III 

Liver lipids in alcoholic patients (25 cases ) 


Case 

number 

Age 

Sex 

Liver 

weight 

Total 

lipids 

Fatty 

adds 

Chole 

Free 

sterol 

Total 

Phospho- 

lipids 

Neutral 

fat 

Pathology of liver and 
other disease processes 


■I 



grams 

grams 

mgm. 

mgm. 

grams 

grams 



1 



per cent 

per cent 

per cent 

per cent 

per cent 

per cent 


56 

EP1 

F 

2450 

11.5 

10.2 


337 

1.99 

9.3 

Fatty liver; streptococcus meningitis. 

99 


M 

1780 

27.0 

26.8 


317 



Fatty liver. 

75 

41 

M 

1910 

16.1 

14.9 





Lobar pneumonia; fatty liver. 

65 

40 

F 

1750 

31.3 

28.1 



1.33 

28.5 

Fatty liver. 

96 

45 

M 

1450 

3.36 

2. OS 





Liver normal pathologically. 

82 

45 

M 

1720 

15.3 

14.1 


265 



Pulmonary tuberculosis; fatty liver. 

66 

50 

M 

1410 

4.18 

2.94 



2.05 

1.66 

Cardiac failure. Liver normal. 

91 

50 

M 

1050 

4.96 

3.42 





Slightly fatty liver. 

84 

38 

M 

1850 

13.3 

11.9 





Pulmonary tuberculosis. 

1 


M 

2350 

12.7 

11.0 

27 3 

406 

1.30 

10.5 

Enlarged and fatty liver. 

25 

68 

F 

1450 

4.91 

3.55 


287 

1.58 

2.66 

C.P.C. of liver; coronary thrombosis; 











ascites. 

28 

50 

m 

1800 

7.1 

5.3 


273 

1.92 

4.2 

Subdural hematoma. 

43 


F 

1500 

5.20 

2.87 


267 

2.70 

\Xl 


6 

53 

M 

1500 

10.0 

8.1 

219 

321 

2.20 

6.9 

Coronary sclerosis. 

101 

51 

M 


3.83 






Fractured skull; cirrhosis of liver. 

102 i 

47 

M 


2.50 






Enlarged heart; C.P.C. of liver. 

103 , 

55 

M 

2550 

2.45 






I Hypernephroma; no metastases to 











liver. 

58 

50 

M 

1950 

28.1 

25.5 


389 

1.97 

25.3 

Pneumonia. 

110 

47 

M 

4000 

15.4 

14.0 

257 

360 

1.20 

13.8 

1 Fatty liver with perilobular fibrosis; 








1 

i 


ascites; jaundice; early cirrhosis. 

m i 

47 


2950 

12.7 

11.2 

265 

494 

1.97 

10.2 

Fatty liver; early cirrhosis; jaundice; 











ascites. 

113 

39 


3500 

4.97 

3.40 


334 

2.08 

2.1 

Hemochromatosis; portal cirrhosis; di- 








i 



abetes; ascites. 

112 

65 ! 

M 

1450 

2.00 

1.00 


1 301 

1.00 


Portal cirrhosis; ascites. 

39 

62 

M 

3300 

34.8 

32.0 


317 

1.59 

32.5 

Fatty liver; periportal fibrosis and 











cirrhosis. 

114 

43 

F 

1600 

26.4 

24.4 

172 

246 

1.59 

! 24.5 

Portal cirrhosis of the liver and ascites. 

115 

24 

F 

1700 

3.98 

2.97 

208 

263 

2.00 

1.68 

Portal cirrhosis of the liver and ascites. 

Average 



2020 

12.2 

11.8 

232 

324 

1.72 

I 

11.4 



table rv 


Cases of cirrhosis of the liver uncomplicated by alcoholism 


Case 

number 

Age 

Sex 

Liver 

weight 

Total 

lipids 

Fatty 

adds 

Choles- 
terol total 

Phospho- 

lipids 

Neutral 

fat 

Pathology of liver and other 
disease processes 

31 

13 

98 

38 

106 

I 

38 

82 

65 

55 

26 

I . 

i 

M 

M 

M 

F 

F 

I 

grams 

1650 

1300 

1600 

1880 

grams 
per cent 

7.7 

4.63 

3.27 

5.30 

3.82 

grams 
per cent 

6.7 

2.84 

2.05 

4.20 

mgm. | 
per cent j 

338 ; 

1 

284 

227 

grams 
per cent 

1.80 

1.39 

1.33 

■ 

Lobar pneumonia; slight portal cirrhosis; cen- 
tral nervous system syphilis; calcified tuber- 
culosis. 

Arteriosclerotic heart disease; lobular pneu- 
moma; slight cirrhosis of the liver. 

Chronic passive congestion of liver and spleen * 
enlarged heart; cirrhosis of the fiver. * 

Advanced nodular cirrhosis of the fiver. 

| Early cirrhosis of the liver; subacute pneu- 
mococcus aortic and mitral endocarditis- 
acute pneumococcus leptomeningitis. 

Average 

a 

a 

1557 1 

4.94 1 

3.95 

283 

1.51 

Si 

I — 

i 
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alcoholism. There was no elevation of the total 
lipid in this group, the highest total lipid being 
7.68 grams per cent. The total cholesterol was 
done on 3 livers in this group and was within nor- 
mal limits. If one assumes that cirrhosis of the 
liver is preceded by a period of fatty infiltration, 
these 5 cases should represent the end stage of 
the disease. Other factors, however, might ac- 
count for the absence of fatty infiltration, c.g., 
malnutrition or infection. Of these 5 cases, Case 
31 had lobular pneumonia, central nervous system 
syphilis, cerebral cortical atrophy, and an old calci- 
fied tuberculosis. The state of nutrition in spite 
of these complications, was fairly good. Case 13 
had arteriosclerosis and lobular pneumonia; the 
state of nutrition in this patient was good. Case 
98 had an enlarged heart with evidence of con- 
gestive heart failure; the state of nutrition was 
fair. Case 38 had no complications, but micro- 
scopic sections of the liver showed cords of dense 
fibrous tissue and a marked alteration in the 
lobular architecture of this organ; the diagnosis 
in this case was advanced nodular cirrhosis; the 
state of nutrition was good. Case 106 was in a 
poor state of nutrition and had subacute pneumo- 
coccus aortic and mitral endocarditis, and acute 
pneumococcus leptomeningitis; the liver showed 
early cirrhosis. In 3 of these 5 cases, the degree 
of cirrhosis of the liver was not advanced. Ob- 
viously, this is too small a group from which to 
draw any definite conclusions, but it seems as if 
cirrhosis of the liver may occur without previous 
fatty infiltration. In only one case was the nu- 
tritional state really poor. 

DISCUSSION 

The average total liver lipid in the group of 25 
normal livers was 4.98 grams per cent. This 
agrees with other published observations on human 
livers and is about the same as the values reported 
for other mammalian livers. In tissue sampled 
as this was at varying periods after death, approxi- 
mately 45 per cent of the total lipid was neutral 
fat. This is somewhat higher than is found in 
fresh specimens of dog liver where the neutral 
fat is approximately 15 to 20 per cent (1). 

In the group of patients with chronic alco- 
holism, fatty infiltration occurred in 50 per cent 
of the livers. This observation has been made 


before but chemical analyses give more definite 
evidence as to the varying degrees and the char- 
acter of the fatty changes. Comparison of the 
individual and average figures in Tables II (nor- 
mal) and III (alcoholic) shows changes in lipid 
distribution characteristic of fatty infiltration of 
the liver, vis., increase in total lipid due to accu- 
mulation of neutral fat, increase in cholesterol 
esters and a decrease in the concentration of phos- 
pholipids. The last may be a dilution phenomenon 
due to the increase in the size of the liver. The 
total amount of phospholipid in the entire liver 
is actually greater in the alcoholic than in the nor- 
mal group. 

The phospholipid values in the normal group 
cover a wider but lower range than was previously 
found in normal dogs on a high calorie, high vita- 
min diet (1). Apart from differences in the nu- 
tritional history, this finding is probably due in 
part to the postmortem action in the human livers 
of esterases which split part of the phospholipids 
so that the fragment containing the lipoid phos- 
phorus is no longer soluble in petroleum ether, 
while the fatty acid moiety remains soluble (Ta- 
ble I). Hence, neutral fat values are apparently 
increased at the expense of phospholipids. Theis 
(6) also observed a higher ratio of neutral fat to 
phospholipids in normal human livers sampled at 
various intervals postmortem than is commonly 
found in normal animal livers that are analyzed 
shortly after excision. 

Examination of Table I shows that there is ap- 
proximately a 21 per cent decrease in the apparent 
phospholipid value within 24 hours after excision 
of the normal dog liver. If one assumed that an 
equal decrease occurred in these human livers and 
corrected for this decrease, the ratio would then 
approach that found in fresh tissue. 

Observations such as these do not unfortunately 
shed any light on the mechanism of the production 
of this fatty infiltration ,of the liver in patients 
with histories of chronic ( alcoholism. Discussion 
of the etiology of this disorder must still rest on 
experimental data. As j mentioned before, fatty 
infiltration of the liver Jean be produced expen 
mentally in dogs by depancreatization, by ligation 
of the pancreatic ducts arid by feeding an extreme 
high fat diet (14). It! can be prevented in de- 
pancreatized or duct~li;/.uted dogs by feeding raw 
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pancreas or choline or by feeding water-extracted 
meat powder in place of raw meat. In addition, 
Dragstedt (15) has reported a pancreatic hormone 
(lipocaic) capable of preventing fatty infiltration 
of the liver but the hormonal nature of the extract 
used has not as yet been confirmed by other in- 
vestigators. Whether or not the pancreas is in- 
volved in the production of the fatty liver in the 
alcoholic patient is purely a matter of speculation. 
Connor (16) has advanced the hypothesis that 
fatty infiltration of the liver in chronic alcoholism 
is associated with a disturbance of carbohydrate 
metabolism. This disturbance, he thinks, may be 
due either to carbohydrate depletion of the liver 
or to an interference with the normal utilization 
of carbohydrate. 

The fact that all patients with histories of 
chronic alcoholism do not develop fatty livers sug- 
gests that alcohol alone may not be the sole factor 
responsible, but the question of why some alco- 
holic subjects develop this condition while others 
do not remains a problem that requires further 
study. 

SUMMARY 

The livers of 25 normal subjects, 25 alcoholic 
patients and 5 patients with no history of alco- 
holism but with cirrhosis of the liver were ana- 
lyzed for their lipid content. The total lipid con- 
tent of the normal human livers varied from 2.42 
to 8.41 grams per cent. The average total choles- 
terol was 283 mgm. per cent. Of the 25 alco- 
holic patients 13 had liver lipids above 9 grams per 
cent. The average total cholesterol was above 300 
mgm. per cent. The total liver lipid was not ele- 
vated in the patients with cirrhosis of the liver 
who were not alcoholics. 

We are indebted to Dr. Douglas Symmers, Director 
of the Department of Pathology of Bellevue Hospital, 
and to the Department of Hospitals and the Office of 
the Chief Medical Examiner for the samples of liver 
obtained for analysis. 
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Arterial hypertension in the upper extremities 
has long been recognized as a frequent accompani- 
ment of coarctation of the aorta (1), and has been 
produced experimentally by constriction of the 
aorta above the level of the origin of the main 
renal arteries in rats (2, 3) and in dogs (4, 5, 
6,7). 

Pickering (8), studying the peripheral resist- 
ance in hypertension, and using a method which 
measured blood flow through heat elimination 
from the hand, examined three cases of coarcta- 
tion. In these, as in all other examples of per- 
sistent hypertension which he studied, an abnor- 
mally high resistance to the flow of blood con- 
tinued after influences from the nervous system 
had been released. Thus, pressor effects mediated 
through the nerves were excluded as a major 
cause of the increased peripheral resistance. 
Pickering believed that “ a chemical abnormality 
of the blood ” could be excluded also, because of 
the differences in blood pressure readings between 
the upper and the lower extremities. He con- 
cluded, by exclusion of the factors mentioned, that 
the vascular narrowing in the upper limb was ac- 
counted for best by a local change in its vessels. 

The findings of other investigators are signifi- 
cant in relation to these conclusions. Lewis (9), 
and Blumgart, Lawrence and Ernstene ( 10) have 
shown that the blood supply is normal to both the 
upper and the lower extremities in patients with 
coarctation. Graybiel, Allen and White (11) 
found no evidence of muscular hypertrophy in 
the small arteries of the upper limb in coarctation. 

Prinzmetal and Wilson (12) also studied the 
effect of the release of vasoconstrictor nervous in- 
fluences in hypertension by means of the plethys- 
mograph. They measured blood flow through 
the forearm under conditions of increased tem- 
perature, and in some cases following the injec- 
tion of novocain into the upper dorsal sympathetic 
ganglia.. They concluded that the hypertension 
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found in coarctation of the aorta was caused by 
a neurogenic increase in the peripheral vascular 
resistance. They were not in agreement with 
Pickering in this respect. For technical reasons, 
however, they did not attempt novocain injection 
into the dorsal sympathetic ganglia of patients 
with coarctation of the aorta. 

In the experimental animal, Goldblatt and his 
associates (4, 5) demonstrated that constriction 
of the abdominal aorta just above the origin of 
the main renal arteries had little or no immediate 
effect on the blood pressure above the site of the 
clamp; the immediate effect below the clamp was 
a lowering of blood pressure. In about 24 hours, 
however, it was observed that a hypertension de- 
veloped above the site of the clamp. Further, it 
was found that with elevation of the carotid 
blood pressure there was a concomitant rise above 
normal in the femoral artery pressure, despite a 
substantial constriction of the aorta. 

Likewise, Steele (6) found that constriction of 
the aorta above the renal arteries in dogs resulted 
in hypertension both in the femoral and in the 
carotid arteries. He also found, by direct meas- 
urement, a definite diastolic hypertension in the 
femoral artery of a patient with coarctation (13). 
Page (7), studying the blood pressure in dogs in 
which the aorta was constricted above the dia- 
phragm, noted little or no hypertension developing 
proximal to the occlusion but he found a hypo- 
tension distal to the occlusion which tended to 
return toward normal levels. However, if the 
aorta also was constricted below the origin of the 
renal arteries, f hypertension of renal origin ” 
developed. Page believed that the inability to 
produce a sustained hypertension by constriction 
of the thoracic aorta was due to the development 
of sufficient collateral circulation to insure the 
prevention of substantial renal ischemia. 

The reports quoted above make it clear that, 
in the experimental animal, constriction of the 
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abdominal aorta above the renal arteries is capable 
of producing systemic hypertension of renal ori- 
gin. Constriction of the thoracic aorta in dogs, 
however, was followed by equivocal effects on 
the arterial pressure. 

In humans, moreover, there has not been agree- 
ment as to the mechanism of the hypertension 
associated with coarctation of the aorta, nor has 
the important factor of renal ischemia been deter- 
mined in these patients. In this communication, 
measurements of the effective renal blood flow in 
six cases of congenital coarctation of the aorta 
are reported. 

METHODS 

The work of Smith and his associates (14) has made 
available the technique of measuring the “ effective renal 
blood flow ” by means of the clearance of diodrast by 
the kidneys from the circulating plasma. The determina- 
tion of both the effective renal blood flow and the rate 
of glomerular filtration in the six cases of coarctation 
studied was accomplished by the employment of both 
diodrast and inulin in the same general manner as de- 
scribed by these authors. 1 

Briefly, a preliminary priming infusion of diodrast and 
inulin in normal saline solution was given for 10 minutes 
and was followed by a sustaining solution of the same 
chemical in normal saline solution in lesser concentration. 
The iodine level of the blood was maintained at 0.5 to 2 
mgm, per cent, and the inulin concentration varied from 
40 to 60 mgm. per cent. Thirty minutes were allowed 
to elapse after the initiation of the sustaining infusion 
before urine collections were made. There were four 
urine collections, each of 20 minutes* duration. A blood 
sample was taken at the beginning, middle and end of 
each one. All tests were made on fasting patients in 
the recumbent position. Urine was obtained by catheter. 

The urine and blood samples were analyzed for iodine 
according to the technique reported by White and Rolf 
(15). The inulin content of the urine and blood samples 
was determined by the colorimetric method described by 
Alving and his associates (16). 

The renal plasma flow and the glomerular filtration 
were also determined from these specimens. The total 
renal blood flow was calculated by the addition of the 
volume of red cells, as obtained by hematocrit readings. 
All reported quantities are corrected to 1.73 square 
meters. 

CASES 

Six patients with definite coarctation of the aorta were 
studied. Brief abstracts are given below which present 
only the positive data establishing the diagnosis of coarc- 
tation. 

1 In addition, similar measurements were made on eleven 
individuals without evidence of any renal or circulatory 
abnormality. 


Case 1, W , male , age 52 years 

Blood pressure: brachial (right) 230/85; poplite; 

(right) 135/110. Left ventricular enlargement. Pre 
cordial and interscapular systolic murmur. Normal rel 
inal arteries. Palpable intercostal artery pulsation: 
Femoral artery pulsations weak and retarded. Scallop 
ing of lower rib margins by x-ray. Urinary finding 
normal except for 1 to 2 erythrocytes per high dry fielc 

Case 2, J . G., male, age 7 years 

Blood pressure: brachial (right) 140/90; brachia 

(left) 140/75; popliteal, not obtainable. Left ventricula 
enlargement. Systolic apical and interscapular murmui 
Retinal arteries normal. Intercostal artery pulsations pal 
pable. Femoral artery pulsations not palpable. Roent 
genologic evidence of rib margin erosions and narrowini 
of the aortic arch. Urinary findings negative. 

Case 3, F. P male, age 9 years 

Blood pressure: brachial (right) 305/110; (left) 172, 
105; popliteal (right) 134/?, (left) 106/?. Left-sidec 
cardiac enlargement. Retinal arteries spastic and sclero 
tic. X-ray evidence of scalloped rib edges. Aortic arcl 
not visualized by x-ray. Urinary findings negative. 

Case 4, M, female, age 33 years 

Blood pressure: brachial (right) 240/100; (left) 225; 
100; popliteal (left) 140/90. Spastic retinal arteries 
Left ventricular enlargement Soft interscapular $ystoli< 
murmur. Palpable intercostal artery pulsations. Femora 
artery pulsations retarded and barely palpable. Roent 
genologic evidence of rib margin erosion and narrowing 
of the aortic arch. Urinary findings negative. 

Case 5 , F. H. f wafc, age 37 

Blood pressure: brachial (right) 210/105; (left) 205/ 
100; popliteal not obtainable. Left ventricular enlarge- 
ment. Interscapular systolic murmur. Retinal arteries 
slightly spastic. Femoral artery pulsations not palpable, 
Roentgenologic evidence of aortic arch narrowing^ and 
erosions of the inferior margins of the ribs. Urinary 
findings negative. 

Case 6, A. T. f female, age 41 years 

Blood pressure: brachial (right) 220/110; (left) 210/ 
110; popliteal (right) 130/?. Left ventricular enlarge- 
ment. Palpable intercostal artery pulsations. Femoral 
artery pulsations not palpable. Urinary findings negatne. 

Thus it will be seen that these patients, of whom four 
were males and two females, and whose ages r ^ n f e 
from 7 to 52 years, in each case presented definite chnica 
and x-ray evidences of aortic coarctation. 

RESULTS 

Determinations of effective renal blood flow and 
inulin clearance were performed in eleven sub- 
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jects without circulatory or renal disturbances. 
This group was composed of six men and five 
women. The ages of the men ranged from 22 to 
50 years, and the Avomen from 25 to 40. The 
renal blood flows, inulin clearances, and filtration 
fractions in the six male subjects are tabulated in 
Table I-A. The renal blood flow averaged 1288 


TABLE i 

Clearance determinations in normal individuals 
A. MALE 


Case number 

Age 

Bood 

pressure 

(bra- 

chial) 

i 

Renal 

plas- 

ma 

flow 

i 

Hema- 

tocrit 

Effec- 

tive 

renal 

blood 

flow 

Renal 

inulin 

clear- 

ance 

Filtra- 

tion 

fraction 

; 



mm. 

cc. per 

per cent 

cc. per 

cc. per 

per 



Hg 

minute 

serum 

minute 

minute 

cent 

1. P.L. 

22 

130/80 

815 

57 

1285 

110 

15 

2. G. S. 

25 

110/75 

573 

63 

910 

122.5 

22.7 

3. S. B. 

25 

120/75 

987 

60 

1640 

128 

12.9 

4. A. E. 

47 

120/68 

667 

59.5 

1125 

137 

20.5 

5. S. L. 

50 

120/70 

764 

55 

1390 



6. J. N. 

50 

110/70 

760 | 

55 

1380 



Average 



761 

58 

1288 

124.4 

17.8 


B. FEMALE 


7. E. H. 

25 

95/75 

695 

70 

990 

153 

22 

8. L. D. 

28 

105/70 

582 

68 

855 

117 

20.1 

9. M. C. 

30 

118/70 

575 

71.5 

805 

124.5 

21.6 

10. N. C. 

40 

125/78 

710 

68 

1045 

116.5 

16.4 

11. E.M. 

3o: 

95/70 ' 

787 

64 

1230 

118 

15 

Average 



669 

68,3 

986 

125.8 

19.0 


cc. per minute (range 910 to 1640). The aver- 
age inulin clearance was 124.4 cc. per minute 
(range 110 to 137), and the average filtration 
fraction was 17.8 per cent (range 15.0 to 22.7). 
The clearance values for the five women studied 
are given in Table I-B. It was found that the 
renal blood flow averaged 986 cc. per minute 
(range 805 to 1230). The average inulin clear- 
ance was 125.8 cc. per minute (range 116,5 to 
153) and the average filtration fraction was 19.0 
(range 15 to 22.0). These values are similar to 
those obtained by Smith and his associates (17) 
in normal men and women. 

The clearance measurements obtained in the six 
cases of coarctation are shown in Table II. The 
average effective renal blood flow in the four male 
cases was 795 cc. per minute (range 742 to 840), 
and 661 cc. per minute (range 595 to 727) in 
the two females. Thus, in all six cases, the renal 


table ir 

Renal clearance determinations in coarctation 
A. MALE 


Case 

number 

Age 

Blood 

pressure 

(brachial) 

Renal 

plas- 

ma 

flow 

Hema- 

tocrit 

Effec- 

tive 

renal 

blood 

flow 

'Renal 

inulin 

clear- 

ance 

Filtra- 

tion 

fraction 



mm. 

cc. per 

per cent 

cc. per 

cc. per 

per 



Hg 

minute 

serum 

minute 

minute 

cent 

1. W. D. 

52 

230/85 

412 

53 

775 

118.5 

28.8 

2. J.G. 

7 

140/95 

531 

63 

840 

121.0 

22.8 

3 F P. 

9 

172/105 

445 

60 

742 

129.5 

29.0 

5! Fl h. 

37 

210/95 

470 

57 

825 

119.0 

25.3 

Average 



464.5 

58 

795 

122 

26.5 


B. FEMALE 


4. M. J. 

6. A.T. 

33 

41 

240/100 

220/110 

370 

488 

62 

67 

595 

727 

121.0 

110.0 

32.7 

22.5 

Average 



429 

64 

661 

115.5 

27.6 


blood flow was markedly less than the average 
normal flow and in each one was lower than the 
smallest flow recorded in any normal individual 
studied. In these six cases, then, substantially 
reduced renal blood flow was demonstrated. 
However, the inulin clearances of these six cases 
were within the normal limits. As a result of 
the maintenance of a normal inulin clearance de- 
spite the reduction in renal blood flow, the filtra- 
tion fraction was high, averaging 26.5 per cent 
(range 22.8 to 29.0) in the males, and 27.6 per 
cent (range 22.5 to 32.7) in the females. 

DISCUSSION 

It is of prime interest that each of the six cases 
of coarctation showed a partial renal ischemia, 
as demonstrated by definite reduction in diodrast 
clearance. The demonstration of this ischemia 
does not necessarily prove the renal etiology of 
the hypertension present in these cases. In view 
of the fact that Lewis (9) found that the hyper- 
tension in aortic coarctation could not be explained 
on the basis of anatomical obstruction to aortic 
blood flow, and in view of the fact that hyper- 
tension occurs in dogs and in rats when the ab- 
dominal aorta is constricted above the renal ar- 
teries, it appears highly possible that the renal 
ischemia found in these six cases was the initiating 

factor m the production of the hypertension 
present. 
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It seemed quite important to us that, although 
these six patients showed a significant reduction 
in the blood flowing through the kidneys, the 
rate of glomerular filtration, as measured by inulin 
clearance, remained essentially normal. This 
maintenance of a normal inulin clearance, despite 
the reduction in the diodrast clearance, can be 
explained adequately only by the assumption that 
there is an increase in the intraglomerular pressure 
which, in turn, must be caused by an increase in 
the resistance provided by the glomerular efferent 
arteriole (18). 

In cases of essential hypertension, also, it has 
been reported (18, 19) that there is a reduction in 
renal blood flow, but the glomerular filtration rate 
may be normal. These findings have led investi- 
gators to stress the important role played by spasm 
of the glomerular efferent arteriole in this dis- 
ease. Various pathological studies (20, 21, 22) 
have demonstrated, however, that the organic ob- 
struction to blood flow present in the kidneys of 
hypertensive patients is typically proximal to the 
glomerular tuft. Because it is impossible at the 
present time to determine in cases of essential 
hypertension the exact onset of the renal arterio- 
sclerosis found at autopsy, it is difficult to ascer- 
tain whether the arteriosclerosis causes a reduced 
renal blood flow and a secondary compensatory 
spasm of the glomerular efferent arteriole, or 
whether the reduction in renal blood flow occurs 
because of a primary spasm of the efferent 
arteriole. 

In the six cases herein reported, however, it is 
almost certain that the reduction in renal blood 
flow is due to the congenital aortic atresia and, 
although glomerular efferent arteriolar spasm is 
also present, it seems clear that the latter is dis- 
tinctly secondary and compensatory to the af- 
ferent reduction in renal blood flow. Otherwise 
one must assume that these patients were born not 
only with aortic atresia but also with efferent ar- 
teriolar spasm, a most unlikely possibility. This 
secondary glomerular efferent arteriolar spasm 
present in these cases of coarctation cannot be 
considered as indubitable evidence that the efferent 
arteriolar spasm present in essential hypertension 
is. likewise secondary in nature, but it does indicate 
that such spasm can occur following a reduction 
of the amount of blood flowing to the glomerulus. 


SUMMARY 

1. The effective renal blood flow and the rate of 
glomerular filtration were measured by means of 
the diodrast and inulin clearances, respectively, 
in a group of eleven normal control subjects and 
in a group of six patients with coarctation of the 
aorta. 

2. The findings in the cases of coarctation indi- 
cated an appreciable decrease in renal blood flow 
as compared to the normals. The glomerular fil- 
tration rate, however, was normal. 

3. The arterial hypertension in coarctation is 
interpreted in the light of primary reduced renal 
blood flow associated with secondary glomerular 
efferent arteriolar spasm. A probable relationship 
of these factors to the pathogenesis of essential 
hypertension is pointed out. 

We wish to express our thanks and appreciation to 
Drs. A. Bloomfield, C. W. Barnett and D. Rytand of 
Stanford Medical School, and to Drs. W. J. Kerr and 
M. Soley of the University of California Medical School, 
for their cooperation in making several of these patients 
available for this study. 
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Studies on the peripheral circulation in patients 
with clubbed fingers were reported in a previous 
communication (1). The maximum heat elimina- 
tion from the finger tip was found to be increased 
and the digital arterial pressure elevated above 
normal in various pulmonary conditions and in 
one case of congenital heart disease with cyanosis. 
In several cases of unilateral clubbing the results 
varied, and in two cases of hereditary clubbing 
normal brachial-digital arterial pressure gradients 
were found. 

It is the purpose of this communication to re- 
port changes in method which have made possible 
the measurement of finger tip blood flow in cc. 
per minute and to present further observations on 
a series of patients with normal and on a series 
with clubbed fingers. Twelve normal subjects, 
one patient with essential hypertension, one with 
aplastic anemia, one with hyperthyroidism, two 
with acromegaly, two with rheumatoid arthritis, 
two with chronic pyelonephritis, one with renal 
and genital tuberculosis and one with chronic 
salpingitis were studied in the first series. The 
second series included two cases of hereditary 
clubbing, seventeen cases of various pulmonary 
diseases, two of congenital heart disease with cy- 
anosis, seven of subacute bacterial endocarditis, 
three of ulcerative colitis, one of bacillary dysen- 
tery, one of regional ileitis and two of sprue, all 
with clubbed fingers. In three of the pulmonary 
cases, there was hypertrophic osteoarthropathy. 
One case of lung abscess was studied both before 
and after operation. 

DISCUSSION OF METHOD 

Stewart's method (2) for measuring hand 
blood flow was based on the principle that the 
amount of heat eliminated by the hand per minute 
in a water calorimeter is proportional to the vol- 
ume flow of blood. Since the specific heat of the 
blood is approximately 1.0, he concluded that each 
cc. of blood flowing through the hand would re- 


lease one calorie of heat to the calorimeter, pro- 
vided that the temperature of the venous blood 
were 1° C. less than that of the arterial blood. 
If, therefore, the temperature of the venous blood 
were n° C. lower than that of the arterial, each 
cc. of blood would release n calories to the calo- 
rimeter. The number of cc. of blood flowing 
through the hand per minute could therefore be 
determined from the number of calories elimi- 
nated per minute, divided by the difference in 
temperature between arterial and venous blood. 
Since the hand, in a water calorimeter set several 
degrees below mouth temperature, was cooled ap- 
proximately to the temperature of the calorimeter, 
Stewart assumed the temperature of the venous 
blood to be equivalent to the average calorimeter 
temperature. He also found mouth temperature 
to be equivalent to the temperature of the arterial 
blood and thus presented a formula whereby the 
blood flow through the hand could be determined. 

It was found, however, by Harris and Marvin 
(3) that the actual temperature of the venous 
blood from the wrist, with the hand in the calo- 
rimeter, was from 1.4° to 4.0° C. higher than that 
of the calorimeter after five minutes’ immersion 
and from 1.1° to 2.7° C, higher after fifteen 
minutes. This invalidated the formula. 

Pickering (4) nevertheless considered the cor- 
respondence between heat elimination in calories 
per minute and blood flow sufficiently close to 
attempt to establish normal values with a stand- 
ardized procedure consisting of warming the body 
before each observation. This was known to re- 
lease sympathetic tone almost completely and thus 
eliminated fluctuations in blood flow caused by 
variations in blood vessel caliber. 

In order to study clubbed fingers, the Stewart 
method as modified by Pickering was adapted to 
the finger tip (1 ). A very much narrower normal 
range of variation in heat elimination per unit of 
tissue, after release of sympathetic tone, was 
found for the finger tip than had been noted by 
Pickering for the hand. 



114 


MILTON MENDLOWITZ 


It was therefore thought that Stewart’s for- 
mula, as presented below in method, might have 
been found invalid for the hand because of a con- 
siderable indeterminate proportion of blood flow 
from the deep tissues. It might, however, be ap- 
plicable to the finger tip where nearly all the blood 
flows through the surface capillaries and arterio- 
venous anastomoses. To test this, the tempera- 
ture of the digital venous blood was measured in 
four subjects, as follows : 

Sympathetic tone was released by immersing the left 
arm in water at a temperature of from 43° to 45° C. 
until sweating began. The entire fourth finger of the 
right hand was then immersed in an open calorimeter 
cup filled with water at an initial temperature of slightly 
less than 31° C. After two to five minutes of stirring, a 
hypodermic needle thermocouple was inserted into a vein 
on the dorsum of the base of the finger. The tempera- 
ture of the venous blood was recorded at the same time 
as that of the calorimeter. 


TABLE I 

Simultaneous temperatures of calorimeter and digital venous 
blood after release of sympathetic tone in four subjects 



Temperature of venous blood 

Temperature of calorimeter 


degrees centigrade 

degrees centigrade 

1 

31.8 

30.9 

2 

31.8 

31.0 

3 

31.5 

31.0 

4 

31.6 

31.4 


The results are presented in Table I. The tem- 
perature of the venous blood was from 0.2° to 
0.9° C. (average 0.6°) higher than that of the 
calorimeter. The temperature of the arterial 
blood (mouth temperature 1 ) was approximately 
6.0° C. higher than that of the calorimeter. It is 
probable, therefore, that about 90 per cent of the 
blood flowing through the entire finger was cooled 
to the temperature of the calorimeter, the remain- 
ing 10 per cent coming from the deep tissues. 
It should be noted that this proportion applies to 
the entire finger. In the terminal phalanx, there 
is a greater proportion of surface to volume and 
a proportionately greater number of arteriovenous 
anastomoses than in the entire finger. If, there- 
fore, it were possible to measure venous blood 

1 The close correspondence found by Stewart (2) be- 
tween mouth temperature and the temperature of the ar- 
terial blood measured indirectly was confirmed by direct 
thermocouple measurement of arterial blood temperatures. 


temperature in the terminal phalanx, it would un- 
doubtedly indicate that nearly 100 per cent of the 
blood flowing through the finger tip was cooled to 
the temperature of the calorimeter. These obser- 
vations demonstrate the accuracy of Stewart’s 
formula when used for the measurement of blood 
flow in the finger tip. 

The normal range of variation in finger tip vol- 
ume flow was between 0.21 and 0.29 cc. per sq. 
cm. of finger tip surface per minute and between 
0.5 7 and 0.97 cc. per cc. of finger tip per minute. 
The latter is in accord with the range found by 
Wilkins, Doupe and Newman (5) (0.6 to 1.2 cc. 
per cc. per minute). Their measurements were 
made with the finger plethysmograph on the ter- 
minal two phalanges after release of sympathetic 
tone by warming the body. For the purposes of 
this investigation the calorimetric method was pref- 
erable to the plethysmographic for several reasons. 
The apparatus of the former is simpler and can 
be used at the bedside. The small degree of dis- 
tensibility of the vascular bed of the finger tip, 
moreover, makes it difficult to measure blood flow 
by the plethysmographic method in the terminal 
two phalanges and almost impossible in the ter- 
minal phalanx. It should be noted also that the 
range of variation per unit surface was consider- 
ably narrower than per unit volume. This was 
due, in part at least, to inaccuracy in the measure- 
ment of finger tip volume by water displacement. 

The measurement of pressure gradients pre- 
sented comparatively fewer problems. The bra- 
chial arterial blood pressure was measured by the 
standard auscultatory method and the digital ar- 
terial blood pressure with the Gaertner capsule 
(6), as already described (1). When sympa- 
thetic tone had been released it was usually pos- 
sible to check these pressures within a few nun. 
Hg. Variations in systolic and diastolic pres- 
sures, when both were measured, made it impos- 
sible to determine representative brachial-digital 
gradients. These gradients could be standardize 
physiologically only if it were clinically feasible to 
determine true mean pressures. An approxima- 
tion, however, to the physiological mean pressure 
gradient was adduced from the arithmetic mean 
pressures. The normal range of .variation m 
arithmetic mean pressure gradient after release o 
sympathetic tone was from 9 to 40 mm. Hg. 
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METHOD 

Each observation was carried out as follows: With 
the subject sitting comfortably in bed in a room kept 
at a fairly constant temperature with minimal air cur- 
rents, preliminary mouth temperature, pulse rate, and 
brachial and digital arterial blood pressures were re- 
corded. The left arm was then immersed in a water bath 
which was continually stirred and the temperature of 
which was maintained between 43° and 45° C. After 
ten to twenty minutes, when release of sympathetic tone 
was almost complete, as indicated by the onset of gener- 
alized sweating, the fourth finger tip of the right hand 
was inserted into the water calorimeter set at approxi- 
mately 65° C. below mouth temperature. The calorim- 
eter was stirred and the rise in temperature per minute 
recorded for several minutes until the total rise was 
about 1° C. The finger tip was removed from the central 
opening of the calorimeter and a small cork inserted. 
The fall in calorimeter temperature was recorded for 
several minutes. Mouth temperature, pulse rate, and 
brachial and digital arterial blood pressures were again 
measured, following which the left arm was removed 
from the water bath. The surface area and the \ f olume 
of the previously immersed finger tip were measured by 
strips of adhesive tape and water displacement, re- 
spectively. 

Blood flow per unit surface of finger tip was calculated 
from the following formula: 

F ~ (A/i -f Alf)(m -f e) 
sa(l a - U) 

in which F is the blood flow in cc. per sq.cm, per min- 
ute; A i tt the rise in temperature of the calorimeter per 
minute; A t s , the fall in temperature of the calorimeter 
per minute after removal of the finger tip; m, the volume 
of water in the cup; e f the hydrothermic equivalent of 
the cup, stirring device and thermometer bulb ; s, the spe- 
cific heat of the blood (approximately 1.0) ; a , the area 
of the immersed finger tip in sq.cms. ; t z , the temperature 
of the arterial blood (mouth temperature) ; and t 4 , the 
temperature of the venous blood (average calorimeter 
temperature). To calculate the blood flow per unit vol- 
ume, the volume of the finger tip in cc., v, is substituted 
for a in the formula. 

RESULTS 

The results are presented in Tables IIA and 
IIB. In the cases of hyperthyroidism, aplastic 
anemia, essential hypertension and acromegaly, 
the blood flows and brachial-digital arterial pres- 
sure gradients were within normal limits. In the 
cases of chronic infection without clubbing, such 
as rheumatoid arthritis, pyelonephritis, renal tu- 
berculosis, and salpingitis, the blood flows and 
brachial-digital arterial pressure gradients were 
also within the normal range. 


table ir A 


Normal fingers 


Diagnosis 

i 

I Blood 
flow 

! 

! Blood 
j flow 

Brachial 

arterial 

pressure 

Digital 

arterial 

pressure 

Arith - 

metic 

mean 

gradi- 

ent 


; cc ' 

1 per 
:q. cm. 

cc. 

\ per 
cc. 

mm. Eg 

mm. Eg 

mm. 

Bg 

9 

Normal 

per 

minute 

0.25 

per 

minute 

0.69 

128/80 

120/70 

Normal 

0.24 

0.59 

102/74 

88/40 

24 

Normal 

0.22 

0.62 

125/84 

96/52 

30 

Normal 

0.28 

0.93 

135/94 

110/76 

22 

Normal. 

0.23 

0.62 

114/82 

106/52 

19 

Normal 

0.28 

0.76 

132/86 

116/60 

21 

Normal 

0.27 

0.72 

112/82 

84/70 

20 

Normal 

0.28 

0.97 

128/80 

102/60 

23 

Normal 

0.23 

0.57 

118/85 

102/64 

18 

Normal 

0.29 

0.80 

118/90 

96/60 

26 

Normal 

0.26 

0.74 

116/86 

98/54 

25 

Normal 

0.21 

0.65 

124/90 

100/35 

40 

Aplastic anemia i 

0.20 

0.60 

112/70 

96/64 

11 

Hyperthyroidism . . . . 

0.22 

0.73 

130/78 

100/84 

12 

Hypertension 

0.20 

0.66 

238/125 

216/130 

9 

Acromegaly 

0.22 

0.54 

108/86 

104 /? 


Acromegaly 

0.21 

0.48 

120/78 

108/64 

13 

Rheumatoid arthritis. 

0.28 

0.88 

120/80 

100/76 

12 

Rheumatoid arthritis. 

0.26 

0.87 

106/74 

90/74 

8 

Chronic 

pyelonephritis 

0.24 

0.89 

186/92 

142/98 

21 

Chronic 

pyelonephritis 

0.29 

1.00 

140/82 

128/64 

15 

Tuberculous nephritis 

0.24 

0.76 

128/98 

108/70 

24 

Chronic salpingitis . . . 

0.23 

1 

0.81 

104/50 

66/32 

28 


In the cases of clubbed fingers secondary to 
various pulmonary diseases, the blood flows were 
usually above the upper normal limit, although in a 
few cases they fell within the normal range. The 
brachial-digital arterial pressure gradients in the 
cases of simple clubbing secondary to pulmonary 
disease were generally less than normal because of 
elevated digital arterial pressures. In the three 
cases of hypertrophic osteoarthropathy, the blood 
flows were within normal limits and the pressure 
gradients only slightly or moderately less than 
normal. In one of the cases of lung abscess, the 
blood flow before operation was above normal and 
the brachial-digital arterial pressure gradient less 
than normal because of elevated digital arterial 
pressure. After incision and drainage there was 
a partial recession of the clubbing. The blood 
flow decreased to within normal limits and the 
digital arterial pressure was lower. 

In the two cases of congenital heart disease with 
cyanosis, the blood flows were high normal in one 
and above normal in the other. The pressure 
gradients were less than normal in both. In five 
of the cases of subacute bacterial endocarditis, the 
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Smillie (1) in 1915 reported the sudden col- 
lapse of a patient with nephritis seven hours after 
the oral administration of 10 grams of potassium 
chloride. He attributed this collapse to an exces- 
sive accumulation of potassium in the body owing 
to impaired excretion. The patient ultimately re- 
covered. Smillie also found that sudden death 
commonly followed the oral administration of 
potassium salts to rabbits with uranium nephritis. 
Similar amounts were without effect in control 
animals. He reported no chemical determinations 
of potassium in the serum or urine. Smillie’s ob- 
servations have frequently been cited as indica- 
tions of the possibility of potassium poisoning in 
renal insufficiency. However, the complex extra- 
renal changes which occur in uranium nephritis 
and the peculiarly specialized character of the 
rabbit kidney make it improper to generalize from 
these experiments concerning oral potassium 
poisoning. There is, on the other hand, reason 
for minimizing the danger of toxicity from potas- 
sium in human nephritis. High concentrations of 
potassium in the serum are rare even in the most 
advanced nephritis (2), although these patients 
may ingest considerable amounts of meat and 
other foods containing potassium, and although 
they must continually be liberating potassium 
from the breakdown of tissue. 

In the present study an attempt is made to as- 
certain whether humans or animals can be poi- 
soned by oral administration of potassium. Po- 
tassium salts were administered to human subjects 
with and without renal impairment, and the con- 
centrations of potassium in serum and urine fol- 
lowed at intervals thereafter. In another type of 
experiment, dogs whose ureters had been tied 
received potassium salts by stomach tube. Fre- 
quent electrocardiographic observations and chem- 

1 Aided by grants from the Ella Sachs Plotz fund, 
the Fluid Research Fund of Yale University and the 
Committee on Therapeutic Research of the American 
Medical Association. 


ical determinations of potassium in serum were 
used for the detection and estimation of toxic 
effects of potassium in these animals (10). 

METHODS 

(A) General 

The method of conducting the observations in fasting 
human subjects has been described elsewhere (3). Sam- 
ples of urine and of serum were obtained at intervals 
before and after the ingestion of potassium salts. Urine 
specimens were collected without catheterization. Usu- 
ally considerable water was given during the course of 
the experiment. Potassium salts were administered 
either in capsules, followed by water, or dissolved in 
tomato juice. Urea clearances were determined in all 
experiments, and in some, sucrose clearances were meas- 
ured after preliminary intravenous injections of sucrose. 
Both sucrose and urea clearances vary with the glomeru- 
lar filtration rate and in renal disease are reduced in 
about the same proportion as the filtration rate (3, 4). 
Accordingly, they may both be used as relative measures 
of glomerular filtration. Potassium was determined as 
the chloroplatinate by the method of Hald (5). Clear- 
ances were calculated by the general method previously 
described (3). 

For the animal experiments nine dogs were employed. 
All experiments were carried out under nembutal anes- 
thesia (40 mgm. per kgm.). A tracheal cannula was 
inserted. Urinary excretion was suppressed by ligation 
of the ureters. Potassium chloride in isotonic or hyper- 
tonic solution was introduced by tube into the stomach 
or duodenum. Serial electrocardiograms from lead II 
were taken and samples of blood for potassium analysis 
were obtained by direct puncture of the heart at the 
termination of the experiment. 

(B) Electrocardiographic changes as criteria of 
potassium poisoning 

As the concentration of potassium in the serum rises, 
the following sequence of electrocardiographic changes is 
observed (6) : (I) increased amplitude of the T wave, 
(2) depression of the ST segment with development of 
a diphasic T wave, (3) disappearance of the P wave, 
(4) intraventricular block, and (5) cardiac arrest at 
concentrations of serum potassium of 12 to 20 m.eq. per 
liter. These changes, save for the last, are reversible. 
No one of them is, of course, characteristic; but when 
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ical determinations of potassium in serum were 
used for the detection and estimation of toxic 
effects of potassium in these animals (10). 
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(A) General 

The method of conducting the observations in fasting 
human subjects has been described elsewhere (3). Sam- 
ples of urine and of serum were obtained at intervals 
before and after the ingestion of potassium salts. Urine 
specimens were collected without catheterization. Usu- 
ally considerable water was given during the course of 
the experiment. Potassium salts were administered 
either in capsules, followed by water, or dissolved in 
tomato juice. Urea clearances were determined in all 
experiments, and in some, sucrose clearances were meas- 
ured after preliminary intravenous injections of sucrose. 
Both sucrose and urea clearances vary with the glomeru- 
lar filtration rate and in renal disease are reduced in 
about the same proportion as the filtration rate (3, 4). 
Accordingly, they may both be used as relative measures 
of glomerular filtration. Potassium was determined as 
the chloroplatinate by the method of Hald (5). Clear- 
ances were calculated by the general method previously 
described (3). 

For the animal experiments nine dogs were employed. 
All experiments were carried out under nembutal anes- 
thesia (40 mgm. per kgm.). A tracheal cannula was 
inserted. Urinary excretion was suppressed by ligation 
of the ureters. Potassium chloride in isotonic or hyper- 
tonic solution was introduced by tube into the stomach 
or duodenum. Serial electrocardiograms from lead II 
were taken and samples of blood for potassium analysis 
were obtained by direct puncture of the heart at the 
termination of the experiment. 

(B) Electrocardiographic changes as criteria of 
potassium poisoning 

As the concentration of potassium in the serum rises, 
the following sequence of electrocardiographic changes is 
observed (6) : (I) increased amplitude of the T wave, 
(2) ^ depression of the ST segment with development of 
a diphasic T wave, (S) disappearance of the P wave, 
(4) intraventricular block, and (5) cardiac arrest at 
concentrations of serum potassium of 12 to 20 m.eq. per 
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TABLE I 

Fasting excretion and clearance of potassium; no salts 
of potassium ingested 


Number 

Diagnosis 

Serum 

potassium 

I 

Urine 

potassium 

Clearances 

Time f 

i 

B 

5 d 

H 

o +* 
U 

Time 

Excretion 

rate 

Potassium 

Sucrose 

Urea 






m. eq. 

1 cc. 

cc. 

cc. 


1 

1 min- 


min - 

Per 

\ f" 

per 

per 



tiles 

JJCF 

utes 

minute 

nun- 

min - 

mxn - 


1 

i 

i tier 


X1CP 

Ute 

t tie 

ute 

1 

j Arthritis 



0-33 

50.2 

10.0* 

143 

40 





33-65 

53.2 

10.6* 

122 

76 





65-93 

35,5 

7.1* 

122 

60 

2 

Diabetes 

45 

5.00 

0-42 

53.9 

10.8 

111 

42 





42-95 

70.9 

14.2 

no 

40 



128 

4.60 

95-128| 

43.4 | 

9.0 | 

108 

41 

3 

Hyperthyroidism 

112 

5.15 

6-71 

47.3 

9.2 1 

170 

67 





71-115 

36.9 

7.4 1 

126 

55 

4 ! 

Nephrosclerosis 

s ; 

5.00 | 

0-37 

42.8 

8.6 

92 

47 



i 

1 

37-81 1 

46.9 1 

9.4 1 

82 

36 

- 

1 

133 

5.00 

81-129 

32.8 

6.6 , 

68 

30 

■ 

5 

Pyelonephritis 

5 

5.40 

0-36 

50.3 

9,7 

16 

9 


1 

i 

i 

36-92 

46.0 | 

8.9 

18 

9 



144 

5.65 

92-135 

! 

40.1 

l 

7.1 

15 

8 


* Assuming serum potassium of 5.0 m.eq. per liter, 
t Time from beginning of experiment. 


found in sequence they are sufficiently specific to serve 
as criteria by which the presence and degree of cardiac 
potassium poisoning may be detected. 

RESULTS 

(A) Observations on human subjects 

Five experiments, with fasting human subjects, 
are summarized in Table I. In Subjects 1, 2 and 
3 glomerular filtration, as measured by the sucrose 
and urea clearances (3, 4), was normal; in Sub- 
ject 4 somewhat reduced, and in Subject 5 severely 
impaired. In all five, however, the fasting rate 
of excretion of potassium was approximately the 
same, averaging about 0.05 m. eq. per minute, 2 
and varying over the extreme range of 0.03 to 
0.07 m. eq. per minute. The excretion rate was 
no lower in Subject 5 than in the others. Since 
the serum concentration was normal in all experi- 
ments, this means that fasting potassium clearance 
was usually about the same in all subjects, whether 

2 The average fasting excretion rate of 0.05 m.eq. per 
minute corresponds to 2.9 grams of potassium daily. On 
the assumption that in the breakdown of tissue 1 gram 
of potassium is released for every 2.5 grams of nitrogen 
(2), this corresponds to 2.9 X 2.5 X 6.25 = 45 grams of 
protein broken down daily. This is a reasonable figure 
for tissue catabolism. 


or not glomerular filtration was reduced. In 
magnitude it was about 10 cc. per minute; this was 
about one-twelfth or one-fifteenth of the average 
glomerular filtration rate in normal subjects (7), 
but amounted to nearly half the glomerular filtra- 
tion in Subject 5. This means that in the sub- 
jects with impaired function a normal fasting ex- 
cretion rate of potassium was maintained by a 
great decrease in the usual proportion of potas- 
sium per unit of filtrate reabsorbed by the tubules. 

The response of two subjects with normal renal 
function to the ingestion of potassium salts is 
recorded in Table II A. In the first subject (la) 
the rate of excretion of potassium increased over 
fivefold. The serum concentration rose but 
slightly, so that the clearance of potassium rose to 
an almost equal extent. In the second subject 
(2a) the increase is partially masked by an ab- 
normally high fasting excretion rate of potassium, 
due to some unknown cause. Here too, however, 
an excretion rate many times the normal fasting 
value continued for some hours after ingestion 
and (since the serum concentration rose but little) 
was associated with a marked elevation of the 
potassium clearance. In spite of this increased 
excretion rate, elimination of the ingested potas- 
sium was slow. In Experiment la only about 
one-third was eliminated in two hours, while in 
Experiment 2b only about three-fourths had been 
recovered from the urine in five hours. 

The course following the administration of po- 
tassium salts in five subjects (lb, 2b, 3b, 4b, 5b) 
exhibiting varying degrees of renal impairment is 
outlined in Table II B. In these subjects, too, 
the rate of excretion increased definitely follow- 
ing the ingestion of potassium, but not as much 
as it did in the normal subjects of Table II A. 
The maximal increase in potassium concentration 
in the serum was about the same in nephritic as 
in normal subjects but the elevated concentration 
persisted for a longer period in the more severe 
nephritics. Since the initial level was a little 
higher in some of the nephritic subjects, the final 
total concentration attained was sometimes a trifle 
higher. However, the concentration never ex- 
ceeded 8 m. eq. per liter with doses of the size 
here given. Attempts to administer potassium 
salts in amounts greater than these were unsuc 
cessful, since cramp-like epigastric pains followe 
by nausea and vomiting regularly intervened, n 
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TABLE II 

{A) Subjects without renal impairment ; response to ingestion of potassium salts 




Potassium ingested 

Serum potassium 

Urine potassium 



Clearances 










Total 

amount 

excreted 




Num- 

ber 

Diagnosis 

Time 

Amount 

Time 

Con- 

cen- 

tration 

Time 

Excre- 

tion 

rate 

Amount 

excreted 

Potas- 

sium 

Sucrose 

Urea 






m. eq. 


m . eq. per 


1 

cc. 

cc. 

cc. 



minutes* 

m. eq. 

minutes* 

Per 

minutes * 

minute 

m. eq . f 

m. eq. | 

per 

per 

per 





liter 


X1& 



minute 

minute 

minute 

1A 

Hypertension 

0 

67 

3 


0-42 

45.6 

1.9 


8.7 

139 

65 



i 

68 


42-80 

244.0 

9.3 


42.3 

208 

94 

i 



i 

127 


80-124 

238.0 

i 

10.5 

21.7 

42.8 

207 

103 

2A 

Hodgkin's 

83-143 

100 

o ; 

4.80 

0-53 

280.0 

(14.8) 


58.0 


157 


disease 





53-80 

143.8 

(3.9) 


30.1 


91 





150 

7.65 

80-125 

224.0 

10.1 


29.3 


95 





248 

6.25 

125-240 

345.0 

39.7 


50.5 


1 61 





376 

! 

5.00 

240-375 

238.2 

32.1 

81.9 

42.2 

l 

56 


(. B ) Subjects with renal impairment ; response to ingestion of potassium chloride 


IB 

Nephrosclerosis 

134 

67 

0 

4.90 

0-58 

22.4 

(1.3) 


4.6 1 







67 

5.00 

58-140 

63.5 

5.2 


12.1 

71 

56 





162 

5.45 

140-208 

64.0 

4.4 


10.2 

49 

32 





211 

6.25 

208-270 

61.5 

i 

1 3.8 

! 

13.4 

9.8 

71 

29 

2B 

Acute nephritis 

105-115 

67J 

0 


0-95 

45.2 

(4.2) 


9.0 


20 



207 

6.25 

95-202 

79.3 

8.5 


14.1 


22 





246 

6.50 

202-240 

114.3 

4.4 


18.0 

36 

26 





296 

5.90 

240-270 

74.1 

! 2.2 


11.4 

25 

16 





I 


270-292 

68.9 

1.5 

16.6 

11.3 

i 

23 

15 

3B 

Acute nephritis 

79-146 

107 

0 

6.35 

0-42 

54.7 

(2.3) 


8.6 


9 




79 

6.95 

42-79 

48.9 

(1.8) 


7.9 


10 





196 

7.45 

79-122 

66.2 

2.9 


10.0 

i 

13 





232 

7.65 

122-189 

83.7 

5.6 


11.6 

i 

9 





300 | 

7.70 

189-227 

104.5 

4.0 


13.9 


8 




i 

409 

7.95 

227-297 

87.0 

6.1 


11.3 


6 




| 

i 


297-350 

114.0 

6.0 


14.9 


12 







350-406 

89.9 

5.0 

29.6 

11.5 


7 

4B 

Chronic nephritis 

106-146 

134 

0 

4.90 

0-48 

32.5 

(1.6) 


8.6 

i 

9 



| 




48-104 

- § 

2.2 estimated 










104-135 

49.0 

1.5 


1 9.5 


8 





180 

6.75 

135-174 

73.7 

2.9 


| 12.5 


9 







174-251 

- § 

6.2 estimated 







357 

7.35 

251-301 

84.0 

4.3 


12.2 


9 






l 

301-357 

93.3 

5.2 

22.3 

12.9 


11 

5B 

Chronic nephritis 

156-241 

94 

84 

5.00 

0-90 

41.3 

(3.7) 


8.3 


17 





150 

6.05 

90-155 

75.8 

(4.9) 


13.8 


23 





238 

6.70 

155-234 

99.2 j 

7.8 


15.6 


24 

19 

I 18 

i 





326 

6.95 

234-322 

110.3 

9.8 


16.2 


* 

'r: c t 



404 

7.50 

322-401 

112.0 

8.8 1 

26.4 

15.5 

i 

i 


* Time from beginning of experiment. 

I Figures in parentheses are not included in the summation of the amount excreted 

* Vomited - § Collection incomplete. 
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Experiment 3b "collapse,” similar to that de- 
scribed by Smillie, occurred. The patient became 
very pale, sweated profusely, the pulse became 
rapid, the blood pressure fell, and he lost con- 
sciousness for an instant. He then vomited a 
small amount of fluid after which the symptoms 
disappeared completely and he felt entirely nor- 
mal. The serum potassium was 7.70 m. eq, per 
liter at the time of the attack, and continued to 
rise to 7.95 later, although the patient had re- 
covered completely. This makes it unlikely that 
the episode was due to cardiac potassium poison- 
ing. It appeared rather to have been a transient 
reflex vasodilatation in a subject with acute ar- 
terial disease, perhaps induced by gastro-intestinal 
irritation, i.c., a vagotonic associate of nausea and 
vomiting. 

Since the increase in the rate of excretion of 
potassium is less than that in normal subjects, 
elimination is correspondingly delayed, so that 
even after five and six hours only one-quarter or 
less of the ingested potassium had been eliminated. 
Nevertheless, as has been observed, the serum 
concentration is only moderately elevated. The 
reason for this presumably lies in the mode of 
distribution of potassium in the body. Also, in 
these cases its absorption may have been greatly 
delayed. 

The increase in concentration of potassium in 
the serum following the ingestion (8) or injection 
(9, 10) of potassium salts is only about one-third 
as great as that which would be expected were its 
distribution purely extracellular. In other words, 
about two-thirds of the absorbed potassium leaves 
the extracellular fluid. This amount can be ac- 
counted for on the assumption that a uniform rise 
of potassium concentration of the same magnitude 
as that in serum water occurs throughout the 
cellular water. However, segregation of some or 
all of this potassium in some particular tissue is 
equally consistent with the facts. Hahn, Hevesy 
and Rebbe (11), using a radioactive isotope of 
potassium, have demonstrated an absence of dif- 
fusion equilibrium between cellular and extra- 
cellular potassium. This indicates that potassium 
ions exchange relatively slowly across the cell 
membranes of the body, and so perhaps makes the 
hypothesis of uniform distribution in all body 
water somewhat less probable. The interpretation 
of their experiments, in which the concentration 


of radioactive potassium in various tissues was 
determined, is not entirely clear; possibly some 
special accumulation in bones took place. What- 
ever the mechanism, it is certain that the body does 
have the capacity to store at least two parts of 
potassium elsewhere for each part that accumu- 
lates in the extracellular fluid. This means that, 
with respect to potassium, the body has a buffer 
capacity by which increases in the concentration 
of this element in the serum, after ingestion of its 
salts, are minimized. The quantitative importance 
of this buffer mechanism may best be seen by con- 
sidering a typical example. This has been done 
graphically in Figure 1, using data of Experiment 


% Distribution of Added Potassium 



Fig. 1. Proportions of the Ingested Potassium (a) 
Still Unabsorbed from Gut, (b) Absorbed and Pres- 
ent in the Body and (c) Excreted in the Urine 

The amount present in the urine was determined by 
chemical analysis. That present in the body was calcu- 
lated on the assumption that one-third of the ingested 
potassium was present in the extracellular fluid. The 
increase in concentration of potassium in the serum water 
was multiplied by the volume of the extracellular fluid 
(assumed to be 15 liters), and this figure in turn multi- 
plied by three to obtain the total amount distributed in 
the body. The amount still present in the gut was calcu- 
lated by difference. Since the factor three is based 
largely on experiments with intravenous injections in 
dogs and in a very few human subjects, ft is quite an 
approximate one. Therefore, these calculated values are 
only approximate, but serve to illustrate the several com- 
ponents in the system. From the data of Experiment 3b, 
Table II B. 

3b of Table II B. Absorption from the gut is 
slow, being complete only after some five hours. 
Excretion in the urine is also veiy gradual. At 
the end of five hours the greater part of the potas- 
sium can be accounted for within the body. Be 
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:ausc a large proportion finds a temporary reposi- 
ory outside the extracellular fluid, the increase in 
he concentration of potassium in serum water is 
>nly about one-third as great as that of a substance 
imited to an extracellular distribution. 

Although excretion rate is not as greatly ele- 
vated in patients with renal insufficiency as in 
lormal subjects, it increases sufficiently to cause 
lie clearance of potassium to rise. This enables 
he excess potassium to be eliminated without a 
freat change in the potassium of serum and, al- 
hough elimination is slow, it is sufficiently in- 
:reased above normal so that the ingested potas- 
>111111 could be eliminated within twenty-four 
lours. 

Discussion of the observations on human subjects 

The experiments with human subjects which 
lave just been described indicate the reasons for 
he rarity of potassium poisoning in human ne- 
phritis. In summary the}' are as follows : 

(1) The fasting clearance of potassium is not 
‘educed in renal disease, so that the basal excre- 
ion of potassium continues without increase in 
Potassium in the serum. 

(2) The distribution of the potassium ion be- 
yond the confines of the extracellular fluid pro- 
vides a temporary storage site for large amounts 
pf potassium without much increase in serum 
concentration. 

(°) The relatively slow gastro-intestinal ab- 
>orption of potassium prevents transient high con- 
centrations of potassium in the serum. 

(4) Even with the most severe renal disease 
he clearance of potassium rises significantly above 
he fasting level following the ingestion of potas- 
sium salts. The associated increase in excretion 
ate permits the extra ingested potassium to be 
eliminated after some hours. 

V)it is difficult to administer amounts of 
potassium too great to be cared for by the storage 
ind excretory capacities without inducing nausea 
md vomiting. 

However, the possibility that potassium poison- 
ing may under some circumstances occur in renal 
insufficiency has not been excluded. Since ex- 
periments designed to test this possibility are ob- 
viously too dangerous to attempt with human sub- 
jects, resort was had to animal experimentation. 


( B ) Experiments zvith dogs 

( 1 ) Control experiments. 

Potassium salts were introduced directly into 
the duodenum of two normal anesthetized dogs in 
order to insure the most rapid possible absorption. 
In spite of this, the potassium of serum rose but 
slightly after four to ten hours, and only the 
earlier electrocardiographic changes appeared. 
Rapid absorption from the gastro-intestinal tract 
certainly took place under these conditions, as was 
apparent in experiments similar in every respect 
save that the ureters were obstructed. Failure to 
produce a notable accumulation of potassium in 
the body fluids appears, therefore, to have been 
due to rapid excretion rather than faulty absorp- 
tion. Evidently, the rate at which potassium may 
normally be excreted by the kidneys easily equals 
the maximal rate of absorption from the gastro- 
intestinal tract. It is therefore reasonable to con- 
clude that fatal poisoning from oral ingestion of 
potassium cannot occur in the presence of normal 
renal function. 

(2) Experiments with dogs with ligated 
ureters. 

(a) Delay in absorption of potassium salts 
introduced into the stomach. 

When solutions of potassium chloride were in- 
troduced into the stomach by tube, electrocardio- 
graphic or chemical evidences of potassium poi- 
soning usually failed to develop for an hour or 
more. Pressure on the abdomen forced back 
through the stomach tube as much fluid as had 
been administered, indicating that the absence of 
potassium effects was due to failure of absorption. 
The cause for this was at once apparent on open- 
ing the abdomen. The pylorus was so tightly 
contracted that even with vigorous manual manipu- 
lation it was impossible to force the stomach 
contents past it into the duodenum. 

The fluid was permitted to remain in the stom- 
ach of three animals. One animal showed the 
first electrocardiographic signs of potassium poi- 
soning after thirty-five minutes, and died after 
an hour. The other two still survived at the end 
of ten hours, but with unmistakable electrocardio- 
graphic changes characteristic of pre-terminal po- 
tassium poisoning and with concentrations of 
potassium in the scrum of 10.1 and 10.9 in. cq. per 
liter, respectively. It seems probable that* the 
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long survival was due to cessation of absorption (&) Duodenal administration of potassium, 

of potassium due to circulatory failure after the Potassium chloride was administered by means 
potassium concentration had risen to a level nearly, 0 f a tube passed through the pylorus via a gas- 
but not quite, sufficient to produce death. There trostomy in order to avoid delay in absorption 
is other evidence that such circulatory failure does due to pylorospasm. In three experiments this 
occur (12). was done after a previous unsuccessful attempt 



Fig. 2. Serial Electrocardiograms Obtained in a Dog With Ligated Ureters Following the Admin 


ISTRATION OF TWICE ISOTONIC KC1 SOLUTION BY TUBE INTO THE DUODENUM 

All records from lead II. Dog, 7.5 kgm. 

(A) Control. 

(B) No change seventeen minutes after 1 liter of solution before ureters were tied. 

(C) Depression of ST segment and beginning diphasic T wave fifteen minutes after ligation of ureters and a 

ministration of another liter of KC1. ^ _ 

(D) Disappearance of P waves, slight intraventricular block, marked ST segment depression, diphasic I 

thirty-five minutes after ureteral ligation. 

(E) Marked intraventricular block and some slowing fifty minutes after ligation. 

(P) and (G) Sudden ventricular flutter, followed within two minutes by coarse ventricular fibrillation. 
(H) Arrest two minutes later. Concentration of potassium in serum 13.0. 
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to bring about absorption by introduction into 
the stomach, while in three others no such prior 
attempt had been made. Prompt and vigorous 
purgation occurred in all three experiments, and 
much of the solution administered was quickly 
lost in this way. All six animals died within a 
few minutes to an hour, depending on the rate at 
which the potassium chloride was administered. 
That death was due to cardiac potassium poisoning 
appears certain from the characteristic sequence 
of electrocardiographic changes in each instance 
(Figure 2, A to E), and from the high concen- 
trations of potassium in the blood just before 
death. These were 9.8, 10.8, 12.4, 13.0, 13.0, 
14.4 m. eq. per liter, respectively, and fall in or 
just below the range associated with cardiac arrest 
from intravenous potassium (6). 

In a few of these experiments exitus did not 
occur following cardiac slowing and arrest. In- 
stead, the rate was maintained for some time in 
the face of increasing intraventricular block until 
suddenly ventricular flutter and coarse fibrillation 
appeared (Figure 2, F, G). It seems reasonable 
to suppose that in these experiments circulatory 
failure occurred as the result of intraventricular 
block, delaying further absorption of potassium 
so that the final stages of slowing and arrest did 
not appear. 

DISCUSSION 

Evidently, it is possible for fatal poisoning from 
oral potassium to occur under certain experimental 
conditions. The essential conditions are suppres- 
sion of urinary secretion and direct introduction 
of the potassium solution into the duodenum. 
In the dog, at least, this second condition is dif- 
ficult of attainment after ordinary oral adminis- 
tration owing to pylorospasm. The relatively 
slow absorption of potassium and the severe epi- 
gastric pain, cramps and vomiting observed in 
human subjects after potassium salts are adminis- 
tered strongly suggest that in man, too, pyloro- 
spasm may occur. No pylorospasm occurred in 
control experiments in which water or normal 
saline was introduced into the stomach of a dog 
with ligated ureters. This spasm after potassium 
chloride is therefore not simply a response of the 

py.orus °* suc ^ an an imal to the ingestion of any 

U1 • However, there is no evidence that the 


production of pylorospasm is a unique property 
of the potassium ion, as other irritant salts were 
not tested. 

The animal experiments, therefore, indicate 
that, while oral potassium poisoning may occur, 
the conditions necessary for its production are not 
likely to occur in human subjects with nephritis. 
In a deeply anesthetized animal with complete 
anuria, enough potassium may eventually pass 
the pyloric sphincter to cause death. In man, 
comparable doses are, of course, not given; and 
even with smaller amounts vomiting acts to re- 
move a great proportion of the material adminis- 
tered. Moreover, a distinction must be drawn 
between the situation in nephritis and that in 
complete anuria. In the nephritic patient renal 
function is rarely completely suppressed. The 
rate of excretion of potassium, though reduced, is 
sufficient to eliminate that coming from tissue 
breakdown, as well as a certain excess. Conse- 
quently, the small amounts passing the sphincter 
and absorbed from the duodenum can be gradually 
eliminated, while the distribution in the body 
minimizes the transient increase in concentration 
of circulating potassium. On the other hand, in 
complete anuria (such as that following mercury 
poisoning), there is obviously much more pos- 
sibility of potassium poisoning, since the delays 
of absorption and the wide distribution are of 
temporary value only. Indeed, in animals with 
complete urinary obstruction, gradual elevation of 
serum potassium due to tissue breakdown is the 
rule (13). The danger of giving even small 
amounts of potassium by mouth under such cir- 
cumstances is self-evident. 

CONCLUSION 

1. Cardiac death due to potassium absorbed 
from the gastro-intestinal tract can be produced 
experimentally in dogs whose ureters have been 
tied. 

2. Direct introduction of potassium salts into 
the stomach induces spasm of the pylorus, pre- 
venting absorption and delaying death. Rapid 
death occurs when potassium salts are introduced 
directly into the duodenum of animals with ligated 
ureters. 

3. It is unlikely that the conditions necessary 
for fatal poisoning by oral potassium administra- 
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tion can occur in patients with nephritis so long 
as urine is being excreted. The relatively slow 
absorption, the vomiting when large doses are 
given, the mode of distribution in the body and, 
most important of all, the continued ability of the 
most severely damaged nephritic kidney to ex- 
crete potassium all combine to make such poison- 
ing very difficult to bring about. 

4. Poisoning from oral administration of potas- 
sium is a more distinct possibility with complete 
anuria from any cause. 
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The operation for ligation of the patent ductus 
arteriosus, as described by Gross and Hubbard 
(1), presented an opportunity to study the cir- 
culatory dynamics of this congenital anomaly. 
A patent ductus arteriosus is a vascular communi- 
cation between the aorta and the pulmonary ar- 
tery. Because the blood pressure is normally 
higher in the aorta than in the pulmonary artery, 
and because the arterial blood of patients with 
patent ductus arteriosus has been found to be 
saturated with oxygen to a normal degree, it has 
been assumed that in uncomplicated cases the flow 
of blood through the ductus is in the main from 
aorta to pulmonary artery. The amount of blood 
passing through the ductus per unit of time was 
calculated by Plesch in 1909 (2) ; however, he 
used a method which in the light of present knowl- 
edge is not valid. 

The purpose of this paper is to report the re- 
sults of quantitative studies of the circulation in 
patients with patent ductus arteriosus. The prob- 
lem is further elucidated by measurements in 
animals in which a situation similar to a patent 
ductus arteriosus has been brought about by 
operation. 

In normal individuals and in those with certain 
types of cardiac abnormalities the output of the 
heart may be determined by the foreign gas 
method of Marshall and Grollman (3), provided 
that samples of the foreign gas from the lung-bag 
mixture are obtained after equilibrium has been 
reached and before recirculation to the lungs has 
occurred. This method is not applicable to pa- 
tients with patent ductus arteriosus because, when 
such patency is present, a portion of the foreign 
gas absorbed by the blood during its passage 
through the capillaries of the lung is almost im- 
mediately returned to the lungs through the ab- 

1 Read in part at the thirty-second annual meeting of 
the American Society for Clinical Investigation, May 6, 
19-10, at Atlantic City. 


normal vessel, making it practically impossible to 
obtain samples before recirculation occurs. This 
criticism appears to apply to other indirect meth- 
ods also, such as the ethyl-iodide method of Starr 
and Gamble (4) or the oxygen-carbon dioxide 
method of Burwell and Robinson (S). The pos- 
sibility of obtaining blood from aorta and pul- 
monary artery at the time of operation leads to a 
consideration of the applicability of the so-called 
" direct 99 method, depending upon the principle of 
Fick (6). This principle may be stated as fol- 
lows: Given the amount of oxygen per 100 cc. 
of blood entering a given vascular area, the 
amount of oxygen added to or subtracted from 
the blood during its passage in a unit of time, 
and the amount of oxygen per 100 cc. of blood 
leaving the area, the volume of blood flow through 
it during that time may be calculated. The 
calculation is made according to the formula 

C — ‘^ which C is the volume of flow 

(cardiac output) per minute, O is the oxygen ab- 
sorbed per minute, A is the arterial oxygen con- 
tent, and V is the venous oxygen content. 

In people with no abnormal connection between 
peripheral and pulmonary circuits the volume of 
blood passing through the lungs is (essentially) 
the volume of blood put out by the right ventricle, 
which is necessarily the same as the volume put 
out by the left ventricle. Neither of these state- 
ments, however, need be true in a patient with a 
patent ductus arteriosus. As we shall show, the 
flow through an uncomplicated patent ductus ar- 
teriosus is from aorta to pulmonary artery and, 
therefore, blood expelled from the left ventWcle 
may pass via the ductus and the pulmonaiy blood 
vessels back to the left ventricle without having 
passed through the right. Clearly, under these 
circumstances the output per minute of the left 
ventricle may be greater than that of the right 
(Figures 1 and 2). 
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When a patent ductus arteriosus permits the 
passage of blood from the aorta to pulmonary ar- 
tery, the output of the right ventricle is made up 
of blood which comes to this ventricle from the 
peripheral circulation - and from no other source. 
The volume of the peripheral flow and the out- 
put of the right ventricle are identical. The vol- 
ume of the peripheral blood flow can be calculated 
if the oxygen consumption per minute, the oxygen 
content of blood in the aorta, and the oxygen con- 
tent of blood in the right ventricle (mixed venous 
blood) are known. 

2 The term “ peripheral circulation ” includes, of course, 
the flow through the coronary system. 


The output of the left ventricle in patients with 
patent ductus arteriosus is made up of two com 
ponents: the blood from the right ventricle an ^ 
the blood entering the pulmonary artery by " a ) 
of the ductus arteriosus. These confluent streams 
pass through the lungs and enter the left side o 
the heart. Since the blood entering the i % 
capillaries is thus only partly blood from the rig 1 
ventricle, the oxygen content of the right ventric 
blood cannot be used in calculating the pu mon 
blood flow. This calculation requires knowledg 
of the oxygen content of blood taken from tne 
pulmonary arterial system at a point 
ture of the two streams has occurred. 
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If there are at hand figures expressing the 
oxygen consumption per minute, the oxygen con- 
tent of arterial blood, the oxygen content of mixed 
venous (right ventricle) blood, and the oxygen 
content of the mixed arterial and venous blood in 
the pulmonary artery , the output of each ventricle 
may be calculated according to the Fick formula. 
Obviousty, the difference between the outputs of 
the two ventricles is the volume of the blood which 
passes through the ductus. 

The operations by Gross (7) presented an op- 
portunity to obtain directly from the pulmonary 
artery and other vessels the crucial samples of 
blood 2 which permitted calculation of the outputs 
of the two ventricles. Similar studies have been 
made in dogs in which a connection between aorta 
and pulmonary artery has been established by 
operation. In subsequent portions of this paper 
the terms " pulmonary blood flow ” and “periph- 
eral blood flow ” will be used. It should now be 
clear that these volumes are equivalent to the out- 
puts of the left and right ventricles, respectively. 

observations on the first patient 

The application of these principles to the study 
of the circulation in a patient may be exemplified 
by a brief presentation of the findings in the first 
case so studied. 

Case 1 (F. S.) was a girl of six years. She appeared 
thin, fragile and underdeveloped for her age. The left 
chest was more prominent than the right and a wide- 
spread pulsation lifted the chest wall as far out as the 
nipple line. A precordial thrill, which was of maximum 
intensity in the second left interspace, could be felt 
throughout the cardiac cycle but was most evident in 
systole. In the pulmonary area, a continuous murmur 
was heard which had a systolic accentuation. 

The diagnosis of patent ductus arteriosus was made 
and operation advised. (The criteria for diagnosis and 
for the selection of patients suitable for operative treat- 
ment have been defined by Hubbard, Emerson, and Green 
(10)). Operation in this patient was carried out in 
November 1938 under cyclopropane anesthesia. Expo- 

3 In all determinations of oxygen content, the mano- 
metric apparatus of Van Slyke was used and duplicate 
determinations were made by the same observer. All 
samples of blood were taken under oil with potassium 
oxalate as an anticoagulant. It was not necessary to 
modify the method on account of the anesthesia when 
cyclopropane (8) was used; when ether was the anes- 
thetic, appropriate changes in analytic methods, as de- 

scribed by Shaw and Downing (9) were applied. 


sure of the heart and great vessels revealed the presence 
of a patent ductus 7 mm. in diameter and 7 to 8 mm, 
long. The heart was beating rapidly and vigorously. 
A thrill was felt over the ductus and pulmonary artery. 
Compression of the ductus between the fingers resulted 
in the abolition of the thrill and visible diminution in 
the amplitude of the cardiac excursions. Samples of 
blood were obtained from the femoral artery, the pulmo- 
nary artery when the ductus was open (opposite the en- 
trance of the ductus), and the pulmonary artery within 
15 seconds of temporary closure of the ductus. 3 4 The 
ductus was then ligated. Some minutes later samples of 
blood were obtained from the femoral artery and from 
the pulmonary artery to determine what the situation 
was after the ductus had been ligated. 

When these samples were analyzed it was found 
that the oxygen content of blood taken from the 
pulmonary artery (with the ductus open) ap- 
proached that of femoral arteiy blood so closely 
that the question arose as to whether this sample 
actually represented the blood which was entering 
the lungs. It was considered that this pulmonary 
artery sample might have been taken from the 
stream of arterial blood entering by way of the 
ductus before it was thoroughly mixed with blood 
from the right ventricle. This possibility 
prompted the series of animal experiments herein 
described in which it was possible to make more 
complete observations than in patients. 

OBSERVATIONS ON ANIMALS 

What was sought in these dog experiments was 
to bring about a situation in which the circulation 
would resemble as closely as possible that of a 
patient with a ductus arteriosus. Accordingly, 
the following operation was carried out: 

Under anesthesia with pentobarbital sodium or alpha 
chloralose, the chest was opened and the left lung par- 
tially collapsed. Respirations were maintained by posi- 

4 This sample requires explanation. What was sought 
was a sample of blood having the oxygen content of 
the right ventricle blood (" mixed venous blood’') when 
the ductus was open. This could have been obtained 
directly, if one had been willing to puncture the right 
ventricle. It is technically preferable to take this sample 
from the pulmonary artery. This can be done, provided 
the ductus is temporarily clamped to prevent the entrance 
of blood from the aorta. Since this manipulation and 
sampling were completed within 15 seconds (x.e., prob- 
ably before recirculation could take place), the sample 
drawn should represent the right ventricular blood dur- 
ing the time when the ductus was open. 
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Fig. 3. Method Employed for Producing an Aorta- 
pulmonary Artery Fistula in Dogs 

The left subclavian artery was freed from its bed 
along the dotted line and then divided high in the thorax. 
The proximal portion of this artery was then turned 
downward and anastomosed to the pulmonary drtery. 
Lower sketch shows position of the operative incision. 

L P — Left pulmonary artery. R P — Right pulmonary 
artery. P A — Pulmonary artery. S C — Left subclavian 
artery. 

tive pressure. Samples of blood were drawn from the 
pulmonary artery and the aorta. The left subclavian ar- 
tery was then divided about 3 cm. above its origin from 
the aorta and the proximal portion sutured into the pul- 
monary artery just above its bifurcation (Figure 3). In 
this way a communication was made between the aortic 
arch and the pulmonary artery. When this anastomosis 
was completed, the action of the heart became much more 
vigorous and a thrill could be felt over the pulmonary 
artery. Samples of blood were drawn from the heart 
and from various points in the great vessels. Oxygen 
consumption was determined at the end of the experiment 
by the Benedict-Roth apparatus, using a Blalock mask 

(11) . In some experiments blood volume determinations 
were carried out by the method of Gibson and Evans 

( 12 ) . 

In some cases the pressures in the aorta and pulmo- 
nary artery were directly measured by connecting ma- 
nometers with the needles inserted into the vessels. It 
was found convenient to use a mercury manometer for 
the determination of aortic pressure and a water ma- 
nometer for that in the pulmonary artery. 

Table I summarizes the results obtained in the 
first dog. These observations show that, after 
the communication is established, the pulmonary 


TABLE I 

Observations on the circulation of Dog number 4-39 before 
and after the establishment of a communication between aorta 
and pulmonary artery , including studies of the mixture of the 
confluent streams 


Dog number 4~39 


I 

Source of blood 

Oxygen 

content 

Arterio- 

venous 

oxygen 

differ- 

ence 

Blood flows 

Oxy- 

gen 

ca- 

pac- 

ity 


! CC. 

1 per 
liter 

cc. 

per 

1 liter 

! 

liters 
' per 

minute 

cc. 

' per 
liter 


JANUART 7, 1939* 
CIRCULATION INTACT 


Aorta 

186,2 



Pulmonary artery 

137.0 

49.2 

2.05 




(Pulmonary or 




\ peripheral blood flow) 


AORTA-PULMONAKT ARTERT COMMUNICATION ESTABLISHED 


I. Left ventricle . 

201.0 



240.5 

2. Pulmonnryartery near valves 

3. Pulmonary artery opposite 

communication. .... , 

150.2 

171.3 



4. Left pulmonary artery at 
root of lung 

165.8) j 




5. Right pulmonary artery at 
root of lung 

165.9] 

35.7 

2.83 

(Pulmonary blood flow) 
L36 


6. Right ventricle 

127.4 

74.2 

240.1 

7. Pulmonary artery immedi- 
ately after temporary oc- 
clusion of communication. . 

1 136.3 

; 65.3 

(Peripheral blood flow) 

1.55 

(Peripheral blood flow) 



* Basal oxygen consumption — 101 cc. per minute. 


artery contains blood with a higher oxygen con- 
tent than that of the blood in the right ventricle. 
This is evidence that blood from the aorta is 
entering the pulmonary arteiy through the arti- 
ficial connection. 

To determine the degree of mixture of the two 
streams of blood at various points, samples were 
taken from several parts of the pulmonaty artery 
between the pulmonary valves and the lung roots. 
The oxygen content of a sample taken from the 
pulmonary artery near the pulmonary valves was 
150.2 cc. per liter, while that of a sample taken 
immediately opposite the entrance of the stream 
from the transplanted subclavian artery was 171.3 
cc. per liter. However, samples taken from the 
left and right branches of the pulmonary' artery 
(several centimeters distal to the entrance of th e 
fistula) gave values which were essentially identi- 
cal (165.8 and 165.9 cc. per liter). These results 
are shown graphically in Figure 4. This agree 
ment in oxygen content of blood going to hot 1 
lungs would appear to indicate that at these points 
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Fig, 4 . The Oxygen Content of Blood in Various 
Parts of the Heart and Great Vessels of Dog Num- 
ber 4-39 After the Establishment of a Communica- 
tion Between Aorta and Pulmonary Artery (See 
Table III) 

mixture had occurred. Since this was so, sam- 
ples which are to be used in the calculation of the 
pulmonary blood flow in patients with patent duc- 
tus arteriosus should be taken from the pulmonary 
artery at a point as far as possible distal to the 
entrance of the ductus , 

A theoretical source of error concerns the time 
of the cardiac cycle during which blood samples 
are taken. It is probable that the flow from aorta 
to pulmonary artery continues through both sys- 
tole and diastole, perhaps with diminishing volume 
in diastole. The flow from right ventricle into 
the pulmonary artery is limited to systole. There- 
fore, we might expect to find a difference between 
samples obtained from the pulmonary artery in 
systole and in diastole. However, the usual 
sample requires over 10 seconds to draw, and 
represents sampling during 15 or more complete 
cardiac cycles. This suggested error is probably 
minimal. 

The calculations in Table I concerning blood 
flow in the dog are illuminating. In the intact 
animal, the output of both the right and the left 
ventricle was 2,05 liters per minute. With the 


shunt established, the output of the left ventricle 
increased to 2.83 liters per minute, while that of 
the right, representing the flow through the 
periphery, fell to 1.36 liters per minute. Thus 
the amount flowing through the shunt is calculated 
to be L47 liters per minute, or 52 per cent of the 
left ventricle's output. 

The experiments in the dog also present an 
opportunity to test the validity of the method used 
in obtaining “ mixed venous blood ” in patients 
when the ductus is open (Cf. footnote 4). 
Sample 7 in Table I was obtained in accordance 
with this method (temporary occlusion of the 
artificial ductus) ; the oxygen content of this blood 
was within one volume per cent of the 'oxygen 
content of blood directly aspirated from the right 
ventricle. A similar agreement was observed in 
another dog. The figures for the oxygen content 
of “ mixed venous blood ” when the ductus is 
open are therefore only approximate; it will be 
realized that these values may be slightly higher 
but are never lower than the true oxygen content 
of “ mixed venous blood.” 

A second set of observations made on this dog 
after a period of 3 months, with the communica- 
tion open, showed a smaller but nevertheless 
definite difference between the left and right ven- 
tricular outputs. Again, blood samples taken 
from the left and right pulmonary arteries below 
the bifurcation showed that essentially complete 
mixing of the aortic and pulmonary artery blood 
had occurred at these points. 

A similar operation in a second, third, and 
fourth dog produced circulatory changes which 
are outlined in Tables II, III, and IV. 

One other special point of technique remains to 
be considered. The observations just presented 
on dogs showed that subclavian blood entering the 
pulmonary artery proximal to or at its bifurcation 
was evenly distributed between right and left pul- 
monary artery branches. Occasionally, the ductus 
arteriosus of humans enters the left pulmonary 
artery. The opening of the ductus into the left 
pulmonary artery is usually dose to its origin from 
the main trunk. According to Gerard (13), it is 
almost always in close relation to the bifurcation, 
but in one of the patients studied (Case 4) the 
ductus (observed at autopsy) was found to enter 
the left branch of the pulmonary artery 15 mm. 
beyond the bifurcation. It is obvious that a due- 
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tus in such a position might distribute different 
amounts or mixtures of blood to the two lungs, 
and hence be a source of error if a sample is 
taken from only one branch of the pulmonary ar~ 

TABLE II 

Observations on the circulation of Dog number 17-39 after 
the establishment of a communication between aorta and 
pulmonary artery 

Dog number 17-39 


Source of blood 

EH 

Arterio- 

venous 

oxygen 

differ- 

ence 

Blood flows 

j 

Oxy- 

gen 

ca- 

pac- 

ity 


cc. per 
liter 

cc. per 
liter 

liters per 
minute 

cc. per 
liter 

JANUARY 27, 1939’ 

* 


1. Left ventricle 

168.4 



179.5 

2. Pulmonary artery opposite 
communication 

132.0 



3. Left pulmonary artery at 
root of lung 

127.2 

41.2 

G.19 

(Pulmonary blood flow) 
2.92 


4, Right ventricle 

81.0 

87.4 

185.6 


(Peripheral blood flow) 

MARCH 1, I939t 

1. Aorta. 

143.0 




2, Left pulmonary artery at 
bifurcation 

107.6 

35.4 

5.73 


3. Right ventricle 

65.6 

77.4 

(Pulmonary blood flow) 
2.62 



(Peripheral blood flow) 



* Basal oxygen consumption = 255 cc. per minute, 
t Basal oxygen consumption = 203 cc. per minute. 


TABLE III 

Observations on the circulation of Dog number 55-39 before 
and after the establishment of a communication between aorta 
and pulmonary artery 

Dog number 55-39 


Source of blood 

Oxygen 

content; 

Arterio- 
venous ! 
oxygen 1 
differ- 
ence | 

Blood flows 


cc. -per 
liter 

cc. per | 
liter 

! 

liters per 
minute 

APRIL 12, 1939* 

CIRCULATION INTACT 

Aorta 

Right ventricle 

166.1 

122.7 

43.4 

4.02 

(Pulmonary or 
peripheral blood flow) 

AORTA-PULMONARY ARTERY COMMUNICATION ESTABLISHED 

1. Aorta 

2. Right pulmonary artery. 

3. Left pulmonary artery. ♦ 

4. Right ventricle 

175.4 

132.91 

136.5/ 

94.3 

40.7 

8U 

4.29 

(Pulmonary blood flow) 
2.15 

(Peripheral blood flow) 


* Basal oxygen consumption = 174.5 cc. per minute. 


TABLE IV 

Observations on the circulation of Dog number 63-39 before 
and after the establishment of a communication between aorta 
and pulmonary artery 

Dog number 63-39 


Source of blood 

Oxygen 

content 

Arterio- 

venous 

oxygen 

difference 

Blood flows 

Oxygen 

capacity 


cc. per 
tiler 

cc. per 
lilcr 

lifers per 
minute 

i 

1 ec. per 
| liter 


jvuz 1, 1939* 

CIRCULATION INTACT 


Aorta 

20G.0 



229.9 

Right ventricle 

152.1 

53.9 

2.31 

(Pulmonary’ or 
peripheral blood flow) 



AORTA-FtJLMONART ARTXRT COMMUNICATION ESTABLISHED 


L Aorta 

2. Left pulmonary’ artery’. 

229.4 

206.6 

22.8 

5.47 

252.3 

3. Right ventricle 

133.5 

95,9 

(Pulmonary blood flow) 
1.30 



(Peripheral blood flow) 



jclt 26, 1939f 


1. Left ventricle 

2. Left pulmonary’ artery. 

213.3 

187.4 

25.9 

5.23 


3. Right ventricle 

| 140.7 

72.6 

(Pulmonary’ blood flow) 
1.87 



(Peripheral blood flow) 



* Basal oxygen consumption = 124.8 cc. per minute, 
f Basal oxygen consumption ~ 135.5 cc. per minute. 


terj r . Accordingly, an attempt was made to re- 
produce such a situation in an animal. 

The experiment was carried out in the same 
manner as the dog experiments already described, 
except that the anastomosis was made between the 
subclavian artery and the left branch of the pul- 
monary artery. The point of anastomosis was 15 
mm. distal to the bifurcation of the pulmonary ar- 
tery. After the establishment of the connection, 
samples of blood were obtained from the aorta, 
from the right ventricle, and from several points 
in the pulmonary artery and its main brandies. 
The results are set forth in Table V. 

This table shows that the oxygen content of 
blood in the main pulmonary artery is higher than 
that of blood in the right ventricle; the same is 
true of blood in the right branch. Therefore, 
some arterial blood which has entered the le t 
pulmonary artery via the anastomosis is carrie 
back into the main pulmonary artery and so gains 
access to the right lung. The difference in t e 
oxygen content of blood in the two branches, how 
ever, makes it quite clear that more of the shunte 
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table V 

Observations on the circulation of Dog number 181-39 
before and after the establishment of a communication between 
aorta and left branch of pulmonary artery 

Dog number 181-39 


Source of blood 

Oiy- 

pen 

con- 

tent 

Arterio- 

venous 

oxycen 

diflcr- 

encc 

Blood flows 

Oxy- 

gen 

ca- 

pac- 

ity 


cc. per 
liter 

cc. per 
liter 

Uteri per 
minute 

cc. per 
liter 

NOVEMBER 21, 1939* 

CIRCULATION INTACT 

Aorta 

Pulmonary artery 

1 

172.7 

91.3 

1 

81.4 

l 

1.60 . 

(Pulmonary or peripheral 
blood flow) | 

202.2 

AOETA-prLUONART ARTERT COIUICNICAHOV ESTABLISHED 

1 

1. Aorta 

2. Main pulmonary artery. . J 

3. Z«ft pulmonary artery 

4. Right pulmonary artery. . 

. Right ventricle 

178.5 

147.8 

156.9 

148.6 

104.9 

1 

30.7 

21.6 1 

29.9 1 

73.6 

4.23 

(?Pulmonary blood flow) 
G.02 

(TPulmonary blood flow) 
4.35 

(?Pulmonary blood flow) 
1.77 

(Peripheral blood flow) 

213.9 


* Basal oxygen consumption = 129.5 cc. per minute. 


blood is going to the left lung than to the right. 
If we could assume that equal volumes of oxygen 
are absorbed by the two lungs, the volume of blood 
flow through each lung could be calculated. In 
normal people, according to Bjorkman (14), 
about 53 per cent of the total oxygen is absorbed 
by the right lung and about 47 per cent by the 
left. But in patients or animals undergoing an 
operation of this type, the left lung is partly col- 
lapsed, and it is likely that less than its usual 
share of oxygen is being absorbed by it. There- 
fore, if the ductus enters the left branch of the 
pulmonary artery at a point much beyond the bi- 
furcation, the calculations of pulmonary blood 
flow are not exact, although in the example cited 
in Table V the changes are still significant. One 
is not always certain, even after operative ex- 
posure, of the precise position of the opening of 
the ductus in relation to the bifurcation and it is 
possible, therefore, that in almost any given case 
it may open into the left branch. However, we 
have now made measurements in five patients and, 
while the ductus probably enters the pulmonary 
artery near the bifurcation in all of them, it is 
extremely improbable (13, 15) that it enters the 
left branch in more than the one that is known. 


A few observations were made on the relative 
pressure in the aorta and the pulmonary artery of 
dogs before and after the establishment of the ar- 
tificial communication. These are shown in Table 
VI. In two of the three animals the pressure in 

TABLE VI 


Pulmonary artery pressure before and after the establishmen 
of a communication between aorta and pulmonary artery 


Dog 

number 

Time 

Aortic 

pressure 

Pulmonary 
artery pressure 



mm. of mercury 

mm. of mercury 

17-39 

Before operation 

116 

16 


After operation 


27 


5 weeks later 


22 

55-39 

Before operation 

124 

16 


After operation 

112 

17 

63-39 

Before operation 


16 


After operation 


24 


8 weeks later 

150 

19 

i 


the pulmonary artery rose. In no case did it ap- 
proach the pressures in the aorta, presumably be- 
cause the resistance in the lung is relatively low, 
as pointed out by Levy and Blalock (16). 

TABLE VII 


Blood volumes in three dogs before and after establishment of a 
communication between aorta and pulmonary artery 


Dog 

number 

i 

Time 

Weight 

Plasma 

volume 

Red 

blood 

cell 

vol- 

ume 

Total 

blood 

vol- 

ume 

Hema- 

tocrit 



kgm. 

cc. 

cc. 

cc. 

Per cent 

17-39 

Before operation 
5 weeks after 

26.1 

1280 

1010 

2290 

t 

44.0 


operation 

9 weeks later 

24.7 

1440 

1655 

770 

915 

2210 

2570 

34.8 

35.6 

55-39 

Before operation 
4 weeks after 

22.2 

1225 

795 

2020 

39.3 


operation* 

19.7 

1040 

770 

1810 

42.4 

63-39 

Before operation 
8 weeks after 

21.2 

1078 

897 

1975 

45.4 


operation 

22.5 

| 

1890 

1 

1990 

3880 

51.4 


* At this time the communication was found to bp 
thrombosed. 


Table VII summarizes studies of the blood 
volume in three dogs. In two dogs (number 17— 
39 and number 63-39) in which the evidence of 
the shunt persisted for 2 months or more, there 
was a significant increase in total blood volume 
involving both plasma and cells. The dog (num- 
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ber 63-39) with the largest shunt (as shown by 
a pulmonary blood flow four times the peripheral 
flow) also exhibited the greatest increase in total 
blood volume — from 1975 cc. to 3880 cc. In 
one dog (number 55-39) in which the shunt 
closed spontaneously, this increase did not take 
place. In dog number 17-39 an increase in plasma 
volume took place in spite of an anemia due to 
infection, which apparently prevented an increase 
in cell volume. 

CONCLUSIONS FROM FIVE DOG EXPERIMENTS 

1. After the establishment of the aortic-pul- 
monary artery connection, the oxygen content of 
the blood in the pulmonary artery is always greater 
than that in the right ventricle. Therefore, the 
blood flow through the shunt is toward the pul- 
monary artery. 

2. In two dogs, a comparison of the oxygen 
content of blood from the right and left branches 
of the pulmonary artery at the hili showed an 
approximate identity, indicating adequate mixture. 

3. In each case, the shunt from the aorta to the 
pulmonary circulation was more than 50 per cent 
of the output of the left ventricle; the output of 
the left ventricle, therefore, was more than twice 
that of the right. In one animal (Table IV) the 
shunt was 75 per cent and the left ventricle was 
putting out four times the output of the right. 
The situation in this dog was essentially the same 
8 weeks later. 

4. In some animals, the left ventricular output 
was not greatly increased but the flow of blood to 
the periphery was diminished. In others the out- 
put of the left ventricle increased to such an ex- 
tent that the volume expelled by the right was less 
severely reduced. 

5. When the subclavian artery was anastomosed 
to the left branch rather than the main pulmonary 
artery, the arterial blood streams were not equally 
distributed to the right and left lungs. Under 
these circumstances, knowledge of the oxygen 
content in the left pulmonary artery did not allow 
the quantitative estimation of the pulmonary blood 
flow, although certain qualitative information was 
obtained. 

6. In two of the three dogs in which the pul- 
monary blood pressure was measured before and 
after the subclavian artery was anastomosed with 


the pulmonary artery, the pulmonary pressure 
rose. 

7. In two animals with a large shunt a definite 
increase in total blood volume was observed. 

OBSERVATIONS IN PATIENTS 

In the patients to be considered now, each pul- 
monary artery sample was drawn from a point 
where, according to the animal experiments, mix- 
ture could be expected to have taken place; that 
is, from the left pulmonary artery as it entered 
the lung root. Under the conditions of this 
operation the right pulmonary artery is usually not 
accessible. 

Observations were made on each of six patients 
subjected to ligation of a patent ductus arteriosus 
between November 1938 and December 1939. 
The data are presented in Tables VIII to XIX, 
inclusive, and consist of two parts: One part 
deals with the pulmonary and peripheral blood 
flow before and after ligation of the ductus and 
with the volume of the shunt. The cardiac out- 
puts were not basal. They : were determined dur- 
ing anesthesia, and when the chest was open, and 
there is evidence (to be presented later) that they 
were much above the basal level. Therefore, 
these cardiac outputs cannot be compared with 
basal outputs in normal people or with other meas- 
urements of the circulation made in our patients 
under basal conditions. The other part deals with 
other measurements before and after ligation, in- 
cluding height, weight, arterial blood pressure 
(basal and after exercise), venous pressure, cir- 
culation time, oxygen saturation of the arterial 
blood, plasma volume, red blood cell volume, vital 
capacity (basal and after exercise) and oxygen 
consumption. Except where noted, these groups 
of data were obtained under standard basal con- 
ditions. The exercise test varied somewhat with 
different individuals, but in general consisted of 
1 to 2 minutes at 100 steps per minute over stairs. 
The venous pressure was measured by the direct 
method described by Lyons, Kennedy and Bur 
well (17) ; the circulation time was measured by 
sodium dehydrocholate ; the blood volume by tie 
method of Gibson and Evans (12). 

PROTOCOLS 

Case 1 (F. S.) has already been described. Th e re- 
sults of the acceptable measurements of her circu a io 
are summarized in Tables VIII and IX. 
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TABLE VIII 

Observations on the blood flaw in Case 1 before and after 
ligation of the ductus arteriosus 

Case 1 (F. S.) 


Source of blood 

Oxy- 

gen 

con- 

tent 

Arterio- 

venous 

oxygen 

differ- 

ence 

Blood flows 

Oxy- 

gen 

ca- 

pac- 

ity 


cc. per 
liter 

cc. per 
liter 

liters per 
minute 

cc. per 
filer 

KOVTUBER 9, 193S* 

DUCTU3 ARTERIOSUS PATENT 

Femoral artery 

163,8 



169.0 

Pulmonary artery after tempo- 
rary occluson of ductus 

135.2 

28.6 

4.9 

(Peripheral blood flow) 



DCCTCB ARTERIOSUS LIGATED 


Femoral artery 

166.8 




Pulmonary artery 

144.2 

22.6 

6.2 

(Pulmonary or 
peripheral blood flow) 

168.8 


* Basal oxygen consumption = 139 cc. per minute. 


oxygen content and capacity. The results of these and 
other measurements are collected in Tables X and XI. 
Six months after this ligation some degree of commu- 
nication was reestablished, as judged by the reappearance 
of physical signs. 

TABLE X 


Observations on the blood flow in Case 2 before and after 
ligation of the ductus arteriosus 
Case 2 (M. F.) 


Source of blood 

Oxy- 

gen 

con- 

tent 

Arterio- 

venous 

oxygen 

differ- 

ence 

Blood flows 

Oxy- 

gen 

capac- 

ity 


cc. 

cc. 


cc. 


per 

liter 

Wrr 

liters per minute 

& 


DECEMBER 22, 1938* 

DUCTUS ARTERIOSUS PATENT 


Aortal 

Pulmonary artery at hilus of 

176.9 


25.0 

(Pulmonary blood flow) 

195.8 

lung 

Pulmonary artery after tempo- 

169.3 

7.6 


rary occlusion of ductus. . . . 

Amount offlhunt 

144.4 

32.5 

5.8 

(Peripheral blood flow) 
19.2 

1 


TABLE IX 

Other observations in Case 1 before and after ligation 
of the ductus arteriosus 


Case 1 (F. S.) 


Observations 

Pre- 

opera- 

tive 

Post- 
operative 
4 months 

Post- 
operative 
14 months 

Weight, kgm 

18.32 

20.25 

23.45 

Height, cm 

117.0 

117.0 

126.1 

Arterial blood pressure, basal 




Right arm, mm. Hg 

95/50 

106/80 

88/60 

Left arm, mm. Hg 

98/40 

100/70 

92/70 

Arterial blood pressure, after exercise 
(If minutes at 100 steps per minute 


over stairs), mm. Hg 

Venous pressure, mm. HiO 

110/50* 

130 

118/60 


Vital capacity, cc 

1000 

1100 ; 

1250 

Oxygen consumption, cc. per minute . . . 

146 

139 

138 

139 1 



* Sounds heard to zero. 


Case 2 (M. F.) t a girl of 17 years, was known to 
have had heart disease since early childhood. Because 
of dyspnea on exertion, palpitation, precordial distress 
and easy fatigue, her activities were seriously limited. 
On physical examination she appeared slender but rea- 
sonably well-developed. There were no remarkable ab- 
normalities except for the heart. There was moderate 
cardiac enlargement, chiefly to the left. A vigorous sys- 
tolic thrill could be felt in the pulmonary area. This 
thrill was accompanied by a loud continuous murmur 
which had a systolic accentuation. There was also a 
diastolic murmur at the apex which disappeared when the 
ductus was ligated. 

On December 22, 1938, the ductus arteriosus measuring 
9 mm. in diameter was ligated under cyclopropane anes- 
thesia. Samples of blood were taken and analyzed for 


DUCTUS AHTEEIOSUS LIGATED 


Aorta 

176.9 



195.8 

Pulmonary artery 

139.0 

37.9 

5.0 

192.1 



(Pulmonary or periph- 





eral blood flow) 



* Basal oxygen consumption = 190 cc. per minute, 
t This sample obtained 16 minutes after the pulmonary 
sample; during this time there was no essential change in 
the general state of the patient. 


TABLE XI 

Other observations in Case 2 before and after ligation 
of the ductus arteriosus 

Case 2 (M. F.) 


1 

Observations 

Pre- 

opera- 

tive 

Post- 

opera- 

tive 

6 

weeks 

Post- 

opera- 

tive 

6 

months 

Weight, kgm 

42.83 

42.64 

46.40 

Height, cm 

1533 

153.3 

153.3 

Arterial blood pressure, basal 




Right arm, mm. Hg 

122/54 

104/70 

114/64 

Left arm, mm. Hg 

122/54 

108/72 

118/70 

Arterial blood pressure, after exercise 




(1 minute at 100 steps per minute over 




stairs), mm. Hg 

154/40* 

146/72 


Venous pressure, mm. HtO 

38 

62 

102 

Circulation time, seconds 

21.5-23.5 

12.8 

193 

Arterial oxygen content, cc. per liter 

169.3 

1853 


Arterial oxygen capacity, cc. per liter 

178.0 

195.5 


Arterial oxygen saturation, per cent 

95.1 

94.8 


Total blood volume, cc 

3980 

! 3280 

3720 

Plasma volume, cc 

2430 

i 1980 

1 2270 

Red blood cell volume, cc 

! 1550 

! 1300 

1450 

Hematocrit, per cent 

1 38.9 

1 39.8 

! 38.9 

Vital capacity, cc 

2500 

2200 

1650 

Vital capacity after exercise, cc 

2200 

2100 

2200J 

Oxygen consumption,. cc. per minute 

192 

185 

190 


| 185 

1 181 



194 

I 

,78 



* Sounds heard to zero. 


f This determination of the vital capacity was mad eT 9 
months after operation. 
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TABLE XII 

Observations on the blood flow in Case 3 before and after 
ligation of the ductus arteriosus 

Case 3 (D. M.) 


Source of blood 

Oxy- 

gen 

con- 

tent 

Arterio- 

venous 

oxygen 

differ- 

ence 

Blood flows 

Oxy- 

gen 

capac- 

ity 


cc. 

cc. 


cc. 


per 

liter 

per 

liter 

I 

Him per minute 

per 

liter 


AUGUST 1, 1939* 

DUCTUS ARTERIOSUS PATENT 


1. Aorta j 

2 . Left pulmonary artery at : 

! 

174.1 

| 

| 



hilus oflung j 

160.7 

7,4 

19.5 

(Pulmonary blood flow) 

1S6.9 


DUCTUS ARTERIOSUS LIGATED 


3. Aorta 

173.7 



179.3 

4. Pulmonary artery 

151.0 

22.7 

6.3 


(Pulmonary or periph- 
eral blood flow) 



* Basal oxygen consumption ~ 144 cc. pet minute. 


TABLE XIII 

Other observations in Case 3 before and after ligation 
of the ductus arteriosus 

Case 3 (D. M.) 


Observations 

Preoperative 

t 

i 

Post- 

opera- 

tive 

5 

months 

Wpightj fcgm 

25.88 

30.00 

Height, cm . 

I 137.5 

140,9 

Arterial blood pressure, basal 

Right arm, mm. Hg 

Left arm, mm. Hg 

70/40 

92/48 

108/40* | 

unsatisfactory 
17.6-19.8 

90/66 

88/56 

Arterial blood pressure, after exercise (1 
minute at 100 steps per minute over 
stairs), mm. Hg 

Venous pressure, mm. HtO . 


Circulation time, seconds 


Total blood volume, cc. 

2580 


Plasma volume, cc. 

1655 


Red blood cell volume, cc 

925 


Hematocrit. Per cent ! 

35.9 i 


VittU r*iins*rtfrv. cc 

1600 

1825 

Vital capacity after exercise, cc j 

1750 j 

Orvirpn ron«mmntion. cc. Per minute i 

147 



141 



* Sounds not heard to zero. 


Case 3 (i D. M.) was a delicate appearing, thin, under- 
nourished girl of 11 years. She had led an unusually 
active life rather than one of limited activity. The heart 
was moderately enlarged to the left. A vigorous thrill 
of maximum intensity in diastole was felt in the second 
interspace. In this same area a loud, continuous mur- 
mur was heard. The physical examination was not 
otherwise remarkable. 

On August 1, 1939, she was operated upon under 
cyclopropane anesthesia and the patent ductus arteriosus 
measuring 8 mm. in diameter was ligated. Unfortu- 


nately, since a sample of mixed venous blood was not 
obtained, an estimation of the flow of blood through the 
periphery with the ductus open could not be made. The 
results of the studies are collected in Tables XII and 
XIII. 

Case 4 (L. B.) was a girl of 15 years. For many 
years because of dyspnea she had been unable to run 
and play as strenuously as her friends. She was slender, 
small-boned, and short. Her fingers were long and 
hyper-extensible. The thorax was long, the respiratory 
excursions appeared limited and there was some pre- 
cordial fullness. Vigorous pulsations could be seen in 
the suprasternal notch and in both supraclavicular spaces, 
especially on the right. The heart was moderately en- 
larged to the left and its action unusually forceful. In 
the second left interspace a thrill was felt, most marked 
in systole, but at times palpable throughout the cardiac 
cycle. There was a systolic murmur at the apex and a 
loud continuous murmur in the second left interspace. 
The peripheral arteries showed a collapsing type of 
pulsation and in the femoral region there was a loud 
pistol shot sound. 

On October 22, 1939, she was operated upon under 
ether anesthesia and a large patent ductus measuring 8 
mm. in diameter was ligated. The results of the studies 
of this patient are summarized in Tables XIV and XV. 
This patient died 9 days after operation and at post- 
mortem examination was found to have an extensive 
mediastinitis, pericarditis and left empyema. There had 
been erosion of the ligatures through the ductus and 
extensive hemorrhage into the pleural cavity. Staphylo- 


TABLE XIV 

Observations on the blood flow in Case 4 before and after 
ligation of the ductus arteriosus 


Case 4 (L. B.) 


Source of blood 

Oxy- 

gen 

con- 

tent 

Arterio- 

venous 

oxygen 

differ- 

ence 

Blood Bov'S 


cc. 

cc. 

liters 


per 

per 

per 


liter 

liter 

minute 

! 


OCTOBER 22, 1939* 


DUCTUS ARTERIOSUS PATENT 


1 . Aorta 

2. Left pulmonary artery.. , . . 

173.7 

1S6.0 

17.7 

10.3 , „ 

(Pulmonary blood now) 

3. Pulmonary artery after 
temporary occlusion of 
ductus 

Amount of shunt 

120.5 

i 

i 

53.2 

j 

(Peripheral* blood flow) 


DUCTUS ARTERIOSUS LIGATED 



157.3 


^ pulmonary artery 

111.6 

45.7 




4.0 

(Pulmonary or 
peripheral blood now) 


* Oxygen consumption » 183 cc. per minute. 
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. TABLE XV 

Other observations in Case 4 before ligation of the 
ductus arteriosus 


(This patient died 9 days after the operation.) 
Case 4 (L. B.) 


Observations 

Preoperative 

Weight, kgm 

32.28 

Height, cm. 

147.1 

Arterial blood pressure, basal 

Right arm, mm. Tig 

120/48 

Left arm, mm. Hg 

132/30 

Arterial blood pressure, after exercise (li 
minutes at 50 steps per minute over stairs), 
mm. Hg 

170/20* 

Venous pressure, mm. H«0 

38 

Circulation time, seconds 

19 

Arterial oxygen content, cc. per liter 

172.4 

Arterial oxygen capacity, cc. per liter 

182.9 

Arterial oxygen saturation, per cent 1 

Total blood volume, cc ! 

94.2 

2870 

Plasma volume, cc 1 

1650 

Red blood cell volume, cc | 

Hematocrit, per cent 

1220 

42.7 

Vital capacity, cc 

1300 

Vital capacity after exercise, cc . 

1300 

Oxygen consumption, cc. per minute 

164 


170 


* Sounds heard to zero. 


coccus aureus was cultured from the blood before and 
after death. 

Case 5 ( D . S .) was a small but normally developed 
girl of 6 years. There were no symptoms of cardiac 
disability. Her physical examination was not remarkable 
except for the usual continuous murmur and thrill in 
the second left interspace and a soft systolic murmur 
at the apex. 

On December 18, 1939, she was operated upon under 
cyclopropane. A patent ductus arteriosus 7 mm. in 
diameter was ligated. The results of the studies of this 
patient are presented in Tables XVI and XVII. 

Case 6 ( M . S.) was a young woman of 26 years of 
somewhat limited mental capacity. She had always had 
dyspnea and easy fatigue on exertion and was unable to 
He flat without respiratory discomfort. She appeared 
ruddy and healthy. Both little fingers were deformed; 
the right showed contracture and the left lacked a ter- 
minal phalanx. The heart was enlarged to the left. 
There was an apical systolic murmur and a continuous 
murmur in the second left interspace which was accom- 
panied by a thrill. The pulmonary second sound was 
accentuated. In the supine position, the facies became 
suffused but no remarkable distention of the jugular 
veins occurred. 

She was operated upon on December 22, 1939, under 
ether anesthesia. The ductus measuring 8 mm. in di- 
ameter was ligated. The results of studies of this pa- 
tient are set forth in Tables XVIII and XIX. 


DISCUSSION OF OBSERVATIONS ON PATIENTS 

In these six patients the diagnosis of patency 
of the ductus arteriosus was confirmed at the 
operation. In each the patent ductus arteriosus 
was the only demonstrable anomaly. It is to be 
emphasized that this is a group of patients selected 
for operation on the basis of impressive signs or 
symptoms. Therefore, these ducti (which meas- 
ured from 7 to 9 mm. in diameter) were presum- 
ably larger than many that are recognized. 

The discussion of the observations on these six 
patients will, for convenience, be taken up in two 

TABLE XVI 


Observations on the blood flow in Case 5 before and after 
ligation of the ductus arteriosus 

Case 5 (D. S.) 


Source oF blood 

Oxy- 

gen 

con- 

tent 

Arterio- 

venous 

oxygen 

differ- 

ence 

Blood flows 

Oxy- 

gen 

capac- 

ity 


cc. 

per 

liter 

cc. I 

JZ \ 

liter* per minute 

cc. 

tz 


DECEMBER 38, 3939* 
DtJCTES ABTERIOSrS PATENT 


1. Aorta 

2. Left pulmonary artery at 

hiius of lung 

3. Pulmonary artery after tem- 
porary occlusion of ductus. . 

Amount of shunt 1 

157.9 

345.6 

135.6 

12.3 

22.3 

8.7 

(Pulmonary blood flow) 

4.8 

(Peripheral blood flow) 

3.9 1 

371.6 

DUCTCS ARTERIOSUS LIGATED 


4. Aorta 

5. Pulmonary artery 

159.8 

127.6 

32,2 

3.3 

170.9 




(Pulmonary or periph- 
eral blood flow) 



♦ Basal oxygen consumption = 107 cc. per minute. 


table xvn 

Oilier observations in Case 5 before ligation of the ductus 
arteriosus 


(Postoperative observations were not possible.) 
Case S (D. S.) 


Observations 

- ■ - — — 

Preopera live 

Weight, kgm 

1S.55 

101.5 

98/40 

114/58 

107 

Height, cm 

Arterial blood pressure, basal 

Right arm, mm. Hg . . 

Left arm, mm. Hg. . . 

Oxygen consumption, cc. per minute 

— i 
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TABLE XVIII 


Observations on the blood flow in Case 6 before and after 
ligation of the ductus arteriosus 

Case 6 (M. S.) 


Source of blood 

Oxy- 

gen 

con- 

tent 

Arterio- 

venous 

oxygen 

differ- 

ence 

Blood flows 

Oxy- 

gen 

capac- 

ity 


cc. 

cc. 


cc. 


per 

per 

liters per minute 

per 


liter 

liter 


liter 


DECEMBER 22, 1939* 
DUCTUS ARTERIOSUS PATENT 


1. Aorta 

174.8 



177.0 

2. Left pulmonary artery 

3. Pulmonary artery after tem- 

164.0 

10.8 

14.1 

(Pulmonary blood flow) 

porary occlusion of duotus. . 

Amount of shunt 

149.3 

25.5 

6.0 

(Peripheral blood flow) 
8.1 



DUCTUS ARTERIOSUS LIGATED 


4. Aorta 

173.7 



5. Pulmonary artery 

149.4 

24.3 

6.3 




(Pulmonary or periph- 




eral blood flow) 


* Oxygen consumption = 153 cc. per minute. 


TABLE XIX 

Other observations in Case 6 before and after ligation of the 
ductus arteriosus 

Case 6 (M.S.) 


Observations 

1 

Preoperative 

Post- 

opera- 

tive 

1 month 

Weight, kgtn 

52.20 

54.45 

Height, cm 

154.6 

Arterial blood pressure, basal 

Right arm, mm. Hg 

128/66 

118/62 

unsatisfactory 

101 

115/80 

Left arm, mm. Hg 

Arterial blood pressure, after exercise. ...... 


Venous pressure, mm. FT-jO 

82 

Circulation time, seconds 

13.8-15.0 

11.6 

Arterial oxygen content, cc. per liter 

161.4 

Arterial oxygen capacity, cc. per liter 

171.2 


Arterial oxygen saturation, per cent 

94.2 


Total blood volume, cc . 

4130 

3720 

Plasma volume, cc 

2520 

2260 

Red blood cell volume, cc 

1610 

1460 

Hematocrit, per cent 

38.9 

39.0 

Vital capacity, cc. 

2700 

2300 





parts : The first part (A) deals with the direction 
and volume of the flow through the ductus and 
with the output of the two ventricles. The sec- 
ond part (B) deals with a variety of other meas- 
urements made before and after ligation of the 
ductus. 

A. Observations concerning ■ blood flow 

The patients were not in a basal state when the 
observations on pulmonary and peripheral blood 


flow were made. They were anesthetized, the 
chest was opened,, and the respiration carried on 
under positive pressure. It is known that the out- 
put of the heart may be altered by various anes- 
thetic agents. Regarding ether, Blalock (18) has 
studied the problem in dogs by one method and 
Snyder (19) in humans by another. It appears 
that at moderate levels of surgical anesthesia, 
there is an increase in the cardiac output while, at 
deeper levels an actual decrease may occur. Rob- 
bins and Baxter (20) have demonstrated that 
when cyclopropane is used, the cardiac output is 
increased as much as 45 to 50 per cent under con- 
ditions of surgical anesthesia. These increases 
are presumably related to dilatation of the periph- 
eral vascular bed and are not due to a large in- 
crease in the oxygen consumption. In two cases 
in which the oxygen consumption during ether 
anesthesia was determined at the time of opera- 
tion, it was not significantly different from that 
observed under standard conditions. When cy- 
clopropane was used, a determination of the oxy- 
gen consumption under anesthesia was not made. 
However, it was shown by Robbins and Baxter 

(20) that, in dogs, the amount of oxygen used 
under basal conditions and under cyclopropane 
anesthesia does not differ by a significant amount. 

The anesthetic agents used in the dog experi- 
ments, according to the available information 

(21) , do not increase the cardiac output and may 
decrease it. This difference is to be kept in mind 
when comparing the observations in dogs with 
those in patients. 

The analyses of blood from the aorta and the 
pulmonary artery in these patients offer the first 
direct demonstration of the direction of the flow 
of blood through the patent ductus, a point hitherto 
the subject of many assumptions. In these pa- 
tients the blood in the pulmonary artery contains 
more oxygen than the blood in the right ventricle, 
therefore, arterial blood must enter the pulmonary 
artery by way of the ductus. Moreover, the 
oxygen saturation of femoral artery blood (shown 
in Tables X, XIV and XVIII to be from 94.2 to 
95.1 per cent) indicates that there is no significant 
flow of venous blood in the reverse direction. 
This, of course, explains the absence of cyanosis 
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in patients whose only lesion is a patent ductus 
arteriosus. 5 * 

Are there any circumstances under which the 
flow will be from pulmonary artery to aorta? 
The obvious answer is that such flow will occur 
when the pressure in the pulmonary artery exceeds 
that in the aorta. The resistance necessary for 
the development of such an elevated pulmonary 
pressure will usually be back pressure from a fail- 
ing left ventricle, or may occasionally be some 
form of pulmonary vascular disease. Obviously, 
this resistance must be distal to the origin of the 
ductus if it is to cause a flow of mixed venous 
blood through it. c 

TABLE XX 

The blood flows of six patients before and after the ligation of 
the patent ductus arteriosus 

m (The blank spaces indicate that certain samples of blood 
either were not obtained or were technically not accept- 
able.) 


Patient 

number 

Blood flow before 
ligation 

Volume 
of shunt 

Percentage 
of left 
ventricular 
output 
shunted 
through 
ductus 

Peripheral 

and 

pulmonary 

blood 

flow 

after 

ligation 

Periph- 

eral 

Pulmo- 

nary 


tilers per 

tilers per 

tilers per 


liters per 


minute 

minute 

minute 


minute 

1 

4.9 




6.2 

2 

5.9 

25.4 

19.5 

77 

5.1 

3 


19.1 



6.2 

4 

3.4 




4.0 

5' 

4.8 

8.7 

3.9 

45 

3.3 

6 

6.0 

14.1 

8.1 

57 

6.3 


The volume of the flow is quite as interesting 
as the direction and much more unexpected. 
Table XX summarizes the essential measure- 


5 A contrary view has been expressed by Koza and 
Melka (22) who found an arterial saturation of 84 per 
cent in one patient who was said to exhibit the classical 
signs of patent ductus arteriosus. 

c Holman (23) has assumed that the propulsive force 
exerted by a hypertrophied right ventricle can produce 
a blood pressure in the pulmonary artery greater than the 
pressure produced in the aorta by a less well-developed 
left ventricle. The experiments of Levy and Blalock 

(16), and those reported in the early part of this paper, 
show that even when a powerful left ventricle is pump- 
ing large volumes of blood into the pulmonary artery, 
the pressure in the pulmonary artery does not rise to 
anything like that in the aorta. The obvious explana- 
tion is that the resistance in the lung is much less than in 
the periphery. 


ments. 7 In the patients studied, from 4 to 19 
liters of blood per minute are found to be flowing 


7 Certain possibilities of error exist which may affect 
the results in any given case. Ideally, blood samples to 
be used in the calculation of cardiac output should be 
drawn simultaneously. Under the conditions of opera- 
tion this is not practicable, but with one exception (Ta- 
ble X) the samples in each patient were obtained within 
a few minutes of one another. The errors attributable 
to inadequate mixing of the two currents of blood in 
the pulmonary artery are presumably met by taking this 
sample from near the pulmonary hilus where our obser- 
vations on animals indicate that mixture has occurred. 

In the observations on humans, “ mixed venous blood/’ 
when the ductus was open, was obtained by a method 
already described/ This method, while not absolute, has 
been shown in the dog experiments to offer an acceptable 
approximation. 

There is also the occasional occurrence of a ductus 
which enters the left branch of the pulmonary artery, 
a point already considered in the observations on animals. 
These various sources of error have been recognized and 
attempts have been made to eliminate them. It is be- 
lieved that the general order of figures is essentially cor- 
rect. This conclusion is borne out by the similarity in 
the measurements in humans and dogs and by the im- 
pressive diminution in the cardiac excursion with occlu- 
sion of the ductus, as shown both by direct observation 
at the operating table and by comparison of x-ray kymo- 
grams made before and after operation. 

In Case 2 the pulmonary flow of 25.4 liters per minute 
approaches the volume considered by Bainbridge (24) to 
represent the upper limit of cardiac capacity. It should 
be noted that this volume was observed during operation 
and that this patient exhibited the most severe symp- 
toms — the largest heart, the greatest amplitude of cardiac 
excursion and the largest ductus. 

Another point already obvious to those who have 
worked with cardiac output is that the smaller the arterio- 
venous difference the greater the effect of analytical 
errors. Thus, if the oxygen consumption is 200 cc. per 
minute, and the arteriovenous oxygen difference is 50 cc. 
per liter, the cardiac output will be 4 liters per minute. 
If the arteriovenous difference changes from 50 cc. to 
52 cc., the calculated cardiac output will become 3.8 liters, 
an inconsiderable change. However, if the oxygen con- 
sumption is 200 cc. and the arteriovenous difference is 
10 cc per liter, the calculated output will be 20 liters 
per minute. At this level if the arteriovenous difference 
changes from 10 to 12, i.e. by 2 cc. per liter, the calcu- 
lated* output will become 16.6 liters, a major change. 
Thus, when large outputs are calculated, such as those 
which are reported in Case 2, they are bound to have a 
greater error than when the arteriovenous difference is 
larger. This criticism does not affect the general sig- 
nificance of our results, but does mean that figures at 
this level of output are less precise than those obtained 
at lower levels. 
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from the high pressure area in the aorta to the 
relatively low pressure area in the pulmonary ar- 
tery. These volumes constitute 45 to 75 per cent 
of all the blood entering the aorta from the left 
ventricle. This arterial blood flows through the 
ductus to the pulmonary artery and via the lungs 
back to the left ventricle without having passed 
through the peripheral circulation and through the 
right ventricle. 

The cardiac output is increased by the circum- 
stances under which the observations were made. 
This is shown by the fact that the cardiac output, 
after ligation of the ductus (Table XX), was 
above the basal level in every patient. In several 
patients it was as much as 100 per cent above the 
calculated basal values. The figures for the out- 
put were obtained by the reliable direct Fick 
method immediately after ligation without the 
complications of mixing and timing which exist 
when the ductus is open. These are the figures 
which are to be compared with the figures for 
pulmonary and peripheral blood flow when the 
ductus is open. 

The total flow through the lungs in these pa- 
tients was from 10 to 25 liters per minute. This 
flow represents the output of the right ventricle 
plus that part of the output of the left which is 
shunted through the ductus. Since the lungs, and 
consequently the left ventricle, have these two 
sources of blood, and the right ventricle only one 
(i.e., the periphery), there is a difference in the 
output of the two ventricles. These inequalities 
in their output must affect the work performed by 
the two ventricles. In the patients studied, the 
left ventricle was putting out at the time of the 
observations from two to four times the volume 
expelled by the right. 

The work of the right ventricle is probably not 
greatly changed, since it is certainly not pumping 
more than the usual amount of blood and may 
often be pumping less. The pulmonary pressure 
against which this blood is pumped may be ele- 
vated to some degree in the presence of a patent 
ductus, but probably when the lungs are normal 
this increase is not great. 

These speculations are in accord with the ob- 
servation that right ventricular preponderance is 
seldom found after the age of infancy when a 
patent ductus arteriosus is the only congenital 
cardiac abnormality. 


The marked increase in the output of the left 
ventricle implies an increase in work unless there 
is a corresponding diminution in the mean aortic 
blood pressure. This mean pressure is somewhat 
lowered in these patients but not sufficiently to 
prevent a considerable increase in the work of the 
ventricle. This work may be further increased 
by still another factor; that is, the velocity im- 
parted to the blood. This factor becomes increas- 
ingly important when dealing with such a large 
volume per minute as is put out by the left ven- 
tricle in these patients. Since these data are not 
at hand, it is not possible to make precise calcula- 
tions of the work of the left ventricle. How- 
ever, it is probably justifiable to conclude that the 
work of the left ventricle is considerably in- 
creased. This suggestion is borne out by the ob- 
servation that, when heart failure occurs in these 
patients, it is usually predominantly left-sided 
failure, and by the fact that the x-ray film com- 
monly shows a dilatation or hypertrophy of the 
left ventricle. Indeed, it is surprising that pre- 
ponderance of the left ventricle is not more com- 
mon in the electrocardiographic tracing than the 
observations of Schnitker (25) and ourselves 
have shown it to be. It appears that in these 
patients the response of the left ventricle to the 
demand for increased work is like the response in 
patients with arteriovenous fistula; that is, it is 
mainly a reversible dilatation and only ultimately 
does hypertrophy occur. 

The observations on blood flow throw light on 
the problem of the adjustment of the circulation 
to the abnormal situation created by the patency 
of the ductus arteriosus. Theoretically, the di- 
version of a considerable volume of blood per 
minute from the aorta to the pulmonary artery 
may result in: ( 1 ) a diminution in the blood 
supply to the periphery, (2) an increase in the 
output of the left ventricle, or (5) a combination 
of the two. 

Actually, in every 'patient and in every dog m 
which studies of the blood flow were made there 
was an increase in the output of the left ventricle. 
This increase, even in the presence of a large lea 
was in some patients sufficient to maintain the 
peripheral flow at or near its normal level. In 
other patients, however, this compensation was 
not complete. The evidence for this is that t 
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peripheral flow increased in two patients when 
the ductus was ligated. 

Examples of both types of adjustment are 
shown by the measurements of the blood flow in 
dog number 63-39 (Table IV). After the estab- 
lishment of the artificial communication, the out- 
put of the left ventricle rose and the flow to the 
periphery fell. After 7 weeks during which there 


tors, including the size of the ductus. In the pa- 
tients reported, the ductus was 7 mm, or more in 
diameter and the changes in the circulation were 
severe. When the ductus is smaller, the changes 
are probably less severe and the required adjust- 
ments less extensive. Other factors as yet un- 
known may also affect the adjustment of the cir- 
culation to this lesion. 
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Fig. 5. Arterial Blood Pressures in Case 2 Under Varying Circumstances Before and 
After Ligation of the Ductus Arteriosus 


was an increase in the total blood volume, the 
output of the left ventricle was still 5.2 liters and 
the flow to the periphery had risen from 1.3 to 
E9; that is, it approached the control value of 2.3. 

Thus, the patient with a large patent ductus 
arteriosus must either suffer a decrease in the 
blood supplied to the organs by the peripheral cir- 
culation or there must be extra work on the part 
of the left ventricle. This increase in work must 
limit the cardiac reserve and in the long run may 
be a factor in the onset of failure of the left 
ventricle. 

• The degree and kind of compensatory adjust- 
ment may be presumed to vary with many fac- 


B, Other observations 

Arterial blood pressure . Studies of the blood 
pressure in these six patients (some of whom have 
been reported by Gross and Hubbard (1) and by 
Gross (26)) show a low diastolic level and a wide 
pulse pressure (determined according to the 
standard procedure defined by the American Heart 
Association) as constant findings. This is in ac- 
cordance with the observations of Bohn (27). 
The level of the diastolic pressure is comparable 

f w ff m patients in whom there is a leakage 
of blood from the arterial system by way of an 

arteriovenous fistula. I n our six patients the ini 
tial low diastolic level was. found to be still lower 
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after mild exercise. The exercise consisted of 
walking over steps at a rate of about 100 steps a 
minute for 1 minute, a degree of exertion which 
in normal people produces no change or even a 
slight rise in the diastolic pressure. Not only was 
there a fall in the diastolic pressure but also -the 
arterial sounds were often heard to zero. Liga- 
tion of the ductus was followed by immediate and 
striking rise in the diastolic blood pressure. The 
changes are illustrated in Figure 5. 

Venous blood pressure. This measurement by 
the direct method was made before and after op- 
eration in a few patients. No constant changes 
were observed and all the readings were within 
limits accepted as normal. 

Circulation time. Before operation the circu- 
lation time was from 14 to 23.5 seconds. That 
is somewhat longer than the expected time in 
children. In the two cases in whom satisfactory 
measurements were made after operation it was 
shorter than before operation. In Case 2, in 
whom there was a partial recurrence of the leak, 
the circulation time was 21 to 23 seconds before 
operation, 13 seconds 6 weeks after operation, and 
19 seconds 5 months later when recurrence had 
taken place. Since pulmonary congestion (in- 
crease in the amount of blood in the lungs) is of 
constant occurrence in these patients, it is probable 
that these suggestive changes in circulation time 
are to be explained on this basis. 

Total blood volume. This measurement was 
made with the generous collaboration of Dr. Gib- 
son. Satisfactory observations before and after 
ligation were obtained in two patients and in both 
of them the hematocrit reading remained essen- 
tially constant. In Case 2, the total blood volume 
was 3980 cc. before ligation, 3280 cc. 6 weeks af- 
ter operation and 3720 cc. 6 months after opera- 
tion when some recurrence of the leak had taken 
place. In Case 6 the total blood volume was 4130 
cc. during the control period and 3720 cc. 1 month 
after ligation of the ductus. These observations 
are in accord with the rise in the total blood 
volume which was observed in dogs after estab- 
lishment of an aortic-pulmonary artery fistula. 
The two patients in whom these changes in total 
blood volume were observed had symptoms which 
limited their activity and were considered to be in 
mild congestive heart failure. 

Vital capacity. There were no constant changes 


in this measurement, in spite of an impressive 
diminution in the x-ray signs of pulmonary con- 
gestion following ligation of the ductus. The ab- 
sence of significant change may be related to 
the fact that many of the patients were children 
and all of them had some difficulty in vigorous 
chest movement for a considerable period after 
operation. 

Nutrition and growth. The relation of the li- 
gation of the ductus to the state of nutrition and 
to rate of growth has been discussed by Gross 
(26). For the sake of completeness the height 
and weight figures are included in our tables. 
These figures indicate that ligation of the ductus 
may be followed by accelerated growth and im- 
proved nutrition. These gains suggest that aboli- 
tion of the shunt has permitted a larger amount 
of blood to be distributed to the periphery. Such 
enhanced peripheral flow was actually demon- 
strated in two patients. 

In general, the circulatory measurements that 
have been made in patients emphasize the extent 
of circulatory changes and the severity of the 
burden imposed on the heart when the ductus is 
large. They support the viewpoint that ligation 
of the ductus may be indicated for the purpose of 
relieving the heart of an eventually disabling bur- 
den and they explain quite clearly the benefit 
which follows operation in patients with disability 
from diminished reserve or congestion. 

SUMMARY 

Studies of the circulation made on six patients 
before and after surgical closure of an uncompli- 
cated patent ductus arteriosus show that: 

1 . When the ductus arteriosus is open the blood 
flow is from the aorta to the pulmonary artery. 

2. There is no flow of blood from pulmonary 
artery to aorta. Therefore, these patients do not 
have arterial unsaturation and are not cyanotic. 

3. The volume of blood flowing from aorta to 
pulmonary artery varied from 4 to 19 liters per 
minute, which is 45 to 75 per cent of all the blood 
pumped into the aorta by the left ventricle. 
These flows occurred in patients with large ducti 
and under temporary conditions which are known 
to elevate the output of the heart. 

4. The left ventricle expelled from two to four 
times the volume of blood expelled by the ng 
ventricle in a given period of time. 
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5. Adjustment of the circulation to the patent 
ductus may be made by an increase in the output 
of the left ventricle. If this is not sufficient to 
compensate completely for the leak through the 
ductus, there may be, in addition, a diminution in 
the blood flow to the periphery. 

Comparable studies in dogs with an artificial 
aorta-pulmonary artery fistula showed similar cir- 
culatory adjustments. 

Knowledge of the circulatory changes which 
occur with patency of the ductus permits a better 
understanding of the signs and symptoms associ- 
ated with this condition. Furthermore, these 
studies of the circulation supply direct evidence 
of the beneficial effects of operative closure of the 
ductus in improving the peripheral circulation in 
some of the patients and in reducing the work 
of the heart in all of them. 
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THE CARDIAC OUTPUT AND OTHER MEASUREMENTS OF THE 
CIRCULATION IN COARCTATION OF THE AORTA 1 

By HAROLD J. STEWART and ROBERT L. BAILEY, JR 

( From the Nrw York Hospital and Department of Medicine , Cornell University 
Medical College, New York) 

(Received for publication September 19, 1940) 


The clinical diagnosis of coarctation of the aorta 
has been made during life with increasing fre- 
quency in the past few years. This defect has 
taken on increased significance recently due to 
attempts to explain the hypertension associated 
with it on the basis of renal ischemia of the Gold- 
blatt pattern. The effect of this congenital defect 
on the circulation has been studied, however, in 
only a few patients. Blumgart, Lawrence, and 
Emstene (1) reported detailed observations on 
two patients. The difference between the oxygen 
contents of the arterial and venous blood of both 
the arms and the legs was within normal limits. 
There was delay in the femoral pulse and round- 
ing of the pulse wave. Measurement of the 
velocity of blood flow gave evidence of slowing of 
the arterial blood flow in the lower extremities. 

Measurements of cardiac output are available 
in only four cases. Grollman and Ferrigan (2) 
found a normal arteriovenous oxygen difference, 
an increased oxygen consumption, and elevated 
cardiac output in one case. 2 Strayhom (3), who 
made observations of a pregnant woman, 3 found 
the arteriovenous oxygen difference normal and 
the oxygen consumption and cardiac output in- 
creased. Following delivery, the oxygen con- 
sumption, cardiac output, and arteriovenous 
oxygen difference were all normal. Stewart and 
others (4) studied the dynamics of the circulation 
in one case. 4 Lequime (5) found a normal ar- 
teriovenous oxygen difference and basal metabolic 
rate, and a cardiac output of 3.44 liters per minute 
in one case. 


1 Read by title before the Fifty-Fifth Annual Meeting 
of the Association of American Physicians, held in At- 
lantic City, New Jersey, May 8, 1940, 

2 This patient was later seen in New York Hospital 
and fs Case 4 in our series. 

3 This patient was seen in New York Hospital and is 
Case 14 in our series. 

4 This patient was seen in New York Hospital and is 

Case 4 in this paper. 


Our studies were made on fourteen patients 
suffering from coarctation of the aorta who were 
seen in the New York Hospital during the last 
seven years. 5 In thirteen the diagnosis was made 
during life; in one the diagnosis was revealed at 
autopsy; in four of the thirteen cases the diag- 
nosis was confirmed at autopsy. All subjects 
showed normal sinus mechanism. Clinical data 
on these fourteen cases are presented in Table I. 
On physical examination there were no clinical 
evidences of other cardiac anomalies which might, 
through recirculation of blood, give rise to er- 
roneous results in the measurements. 

METHODS 

All observations were made in the morning under 
basal conditions. Measurements of the cardiac output 
were made by the acetylene method, three samples of 
gas being taken as first recommended by Grollman (6), 
and as further elaborated by Grollman and others (7). 
Our method and the order of the procedures are exactly 
as we have already described (8). The following data 
were also collected: Oxygen consumption, vital capacity, 
height and weight, electrocardiograms with IVF chest 
leads (9), venous pressure (8, 10), blood pressures in 
both arms and both legs, Uvo-meter x-ray photographs 
of the heart for measurement of the cardiac area (11), 
and cardiac volume (12). 

The arm-to-tongue circulation time was estimated by 
the^use of Decholin (8, 13). In certain patients (Cases 
2, 5, 7, 8, and 9), Mascosol 6 (14) was used. In them 
the time was measured from the beginning of the injec- 
tion until the patient perceived a flash of heat in the 
throat, perineum, hands, and feet The inhalation of 
CO- was used to estimate circulation time from the 
lungs to the respiratory center in seven patients (15) 
(Table II). 


5 We are indebted to Dr. J. M. Steele for referring 
Cases 2 and 5 to us. They are Cases A. C. and W. G. 
m his paper (22). 

6 Mascosol, a solution described by Spier, Wright, and 
Saylor (14) containing magnesium sulphate, calcium 
gluconate, and sodium chloride, was supplied to us for 
these studies by The Xepera Chemical Co., Inc., of 
Yonkers, N. Y. 



TABLE I 

Clinical data from fourteen cases of coarctation of the aorta 
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TABLE II 

Data relating to the circulation of nine cases of coarctation of the aorta * 


Case 

number 

o 

"5 

Q 


*5 

Body surface 
area 

Oxygen 

consumption 

Basal 

metabolic 

rate 

3 

o 

S g 

|s g 

e> « o 

< 0-0 

Cardiac output 

Cardiac output 

Heart 

rnto 

Cardiao 

output 

Cardiac aroaf 

Cardiac 

volume§ 

Cardiac work 

Circulation** 
lirno (Dccholin) 

a 

o „ 
18 
.1 1 

Venous** 

pressure 

| 

> g 

Red blood cells 

Hemoglobin 

t o 

o*s 

=3 8.5 
*5 

£ 

Average 
normal 
values 5 5 


cm. 

kgm. 

tq.m. 

cc. 

per 

min- 

ute 

per 

cent 

cc. 

61.5 

lifer 

per 

min- 

ute 

liter t per 
tq. m. 
per 

minute 

2.09 

per 

min- 

ute 

§ 

I 

ce. 

gm.m. 

ver 

beat 

tec- 

ondt 

14.4 

tec- 
on dt 

mm. 

toXine 

101 

cc. 

million 

per 

cumm. 

per 

cent 

per 

cent 

45.2 

1 

June 15, 1938 

175.0 

rm 

1.62 

241 

-6 

43.3 

5.59 

3.45 

El 

52 

100.2 

485.0 

84.9 

50 

BS 

117 

3500 

4.3 

90 

42 


September 15, 1939 

181.0 

59.0 

1.78 

272 

-3 

44.G 

m 

3.42 

it 

76 

122.3 

654.6 

103.4 

m 

6.2 

118 

1 4000 



41 

2 

February G, 1940 

lEggi 

GG.8 

1.84 


+5 


G.19 

3.3G 

68 

91 

132.3 

733.5 

163.4 

13.5 

4.8 

m 


mm 

m 

44 

3 

January 17. 1910 

167-3 

EH 

1.67 


-4 

G1.7 

3.26 

1.95 


54 

110.2 

531.8 

■m 

14.1 

6.7 

72 

5| 

4.7 

m 

! 49 

4 

March 30, 3935 

179.0 

655 

1.82 

315 

+24 

90.3 

3.52 

1.93 

89 

41 

284.2 


69.7 

16.4 


88 

3250 



59 

5 

September 23, 1939 


48.3 

1.52 

257 

+25 

59.3 

4.33 

2.85 

96 

45 

127.8 


82.6 

14.5 


O 


5.5 

116 

45 

e 

September 30, 1939 

SH 

52.2 


218 

+17 

47.1 

4.63 

3.09 

96 

48 


392.2 

105.4 

m 

6.5 

67 

fS 

5.1 


44 

7 

January 30, 1940 

152.5 

54.8 

1.51 

172 

-8 

54.3 

3.17 

2.10 

m 

45 

IEj§ 

|jj|M 

85.1 

11.2 

9.3 

66 


4.6 


1 49 

i _ 

8 

December 29, 1939 

[iKSS 

74.G 

1.97 

224 

—7 

65.2 

3.44 

1.95 

B 

43 

143.5 

829.5 

76.6 

16.8 

E3 

43 

|H 

a 

94 

i 46 

9 

March 19, 1940 

181-5 

69-3 

1.91 

216 




1.61 

68 

45 



71.6 

18.6 

6.5 

88 

i 

5.5 

115 

46 


* See blood pressure records which go with these observations in Table I. 

tThe areas of the heart in Cases 10, 12, 13 and 14 were 83.5, 173.2, 174.2, and 128.1 sq. cm., respectively. 

5 The volumes of the hearts in Cases 10, 12, 13 and 14 were 370.0, 1101.3, 1111.9 and 701.2 cc., respectively. 
** The circulation time and venous pressure were 9.7 seconds and 104 mm., respectively, in Case 10. 

X The cardiothoracic ratios in Cases 10, 12, 13 and 14 were 54, 59, 60, and 55, respectively. 

§§ Stewart and Watson ((16) Tables II and III). 


OBSERVATIONS 

The cardiac output was measured in nine 
(Cases 1 to 9) of the fourteen patients. In one 
of these (Case 1) observations were made on two 
occasions. None of these patients exhibited signs 
or symptoms of congestive heart failure. The 
data are recorded in Table II. 

The cardiac output per square meter of body 
surface per minute (cardiac index) was increased 
in four cases (Cases 1, 2, 5, and 6) in whom the 
range was from 2.85 to 3.45 liters ; it was within 
normal limits in four cases (Cases 3, 4, 7, and 8) 
with a range from 1.93 to 2.10 liters, and was 
reduced in one patient (Case 9) to 1.61 liters. 
The range of basal heart rate was from 68 to 108 
beats per minute. The cardiac output per beat 
ranged from 41 cc. to 54 cc. in all but two cases. 
Case 2 had an output of 91 cc. per beat and Case 1, 
on the second estimation, fifteen months after the 
earlier one, had an output of 76 cc. per beat. 
During this interval there had been a gain in 
weight and in height, giving rise to an increase in 
surface area from 1.62 to 1.78 sq. m. The oxygen 


consumption increased slightly at the time of the 
second estimation but the basal metabolic rate was 
unchanged (6 per cent and 3 per cent, respec- 
tively). Both the arteriovenous oxygen differ- 
ence and the cardiac index were unchanged. 

In three of the nine patients the basal metabolic 
rate was increased to +24 per cent (Case 4), 
+ 25 per cent (Case 5), and + 17 per cent (Case 
6) ; in one it was decreased to — 20 per cent 
(Case 9) ; and in the remaining five patients 
(Cases 1, 2, 3, 7, and 8) it was within the normal 
range. 

In four (Cases 3, 5, 7, and 8) of the nine cases 
the arteriovenous oxygen difference was within 
the normal range (60.0 ± 5.0), 7 in three (Cases 
1, 2, and 6) it was decreased, and in two (Cases 
4 and 9) it was increased. 

According to x-ray photographs, the heart was 
increased in size with a cardiothoracic ratio of 
over 50 per cent in only one of the nine patients 
having m easurements of cardiac output, and in 

7 Stewart and Watson (16) studied normal individuals 
under the same conditions and by the same methods. 
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four of the other five patients (Table II). The 
left ventricular work ranged between 71.6 and 
163.4 in grammeters per beat. When plotted 
against the heart size, the left ventricular work 
per beat was found to be adequate in all except 
Case 4 whose heart was large and in whom the 
cardiothoracic ratio was 59 per cent. 

The arm-to-tongue circulation time (Decholin) 
was within normal limits (10.4 to 17 seconds 
(16)) in seven of the nine patients. In Case 10 
it was slightly shorter than normal, measuring 9.7 
seconds ; and in Case 9 it was slightly prolonged, 
measuring 18.6 seconds. One patient (Case 8) 
had a prolonged circulation time throughout the 
parts of the vascular tree which were tested by 
Mascosol : throat, hands, perineum and feet 
(Figure 1A). In the other four cases (Cases 2, 
5, 7, and 9) the arm-to-throat time was within or 
near normal limits. The arm-to-hand time was 
moderately prolonged in Case 9; the arm-to- 
perineum time was definitely proloned in Cases 2 
and 5; and the arm-to-foot time was prolonged 
in Cases 5 and 9. 

The velocity of the blood flow from the lungs 
to the respiratory center was within or near 
normal limits in seven cases (Table II). 

The venous pressure was slightly elevated in 
Case 1 and normal in the others (Table II). 

DISCUSSION 

The cardiac index was within the normal range 
or increased in all except one patient in whom it 
was decreased. The increased cardiac index in 
the two younger patients (Case 1 and Case 2) 
aged 15 and 17 years, respectively, is probably 
normal for their age (16). In them the basal 
metabolic rates were normal, and arteriovenous 
oxygen differences were small. In Case 5, having 
an increased cardiac index, the oxygen consump- 
tion was increased, and in Case 6 not only was 
the oxygen consumption increased, but the ar- 
teriovenous oxygen difference was small. In 
Case 9, having a decreased cardiac index, the basal 
metabolic rate was low and the arteriovenous 


oxygen difference was wide. In this case also the 
arm-to-tongue circulation time was slightly longer 
than in the other patients (Figure 1A). In 
Cases 3, 7, and 8, having normal cardiac indices, 
both basal metabolic rates and arteriovenous 
oxygen differences were normal. In a fourth 
patient, Case 4, having a normal cardiac index, 
the basal metabolic rate and arteriovenous oxygen 
difference were both increased. This patient also 
exhibited increased basal metabolic rate when he 
was studied by Grollman and Ferrigan (2), but 
the arteriovenous oxygen difference was then nor- 
mal. He died a few months after our observa- 
tions were made ( 18) ; the increased arteriovenous 
oxygen difference no doubt indicated decrease in 
functional capacity of the heart (4, 19). The 
basal metabolic rate was increased in three of the 
nine patients. Grollman and Ferrigan (2) sug- 
gested that this phenomenon was occasioned by 
the increased blood supply to the thyroid gland. 
In none of the patients having increased oxygen 
consumption, however, was the circulation time 
shortened as is the case in hyperthyroidism. 

In all except one (Case 4) of the nine cases, 
the heart at rest maintained an adequate output 
per beat in relation to its size. The cardiac out- 
put, as was discussed above, was within normal 
limits in this patient but the heart was greatly en- 
larged, and as a consequence the output was not 
in proportion to the cardiac size. 

The velocity of blood flow was measured by 
three methods. To points above the level of co- 
arctation it was within or near normal limits 
(Table II). The values of the arm-to-perineum 
and arm-to-foot circulation time with the solution 
described by Spier, Wright and Saylor (14) were 
prolonged in most instances but normal in a few 
cases (Figure 1A). Prolongation of the circula- 
tion time to the feet in a patient with normal cir- 
culation time to the throat and upper extremities 
is indicative of the devious route which blood must 
take in reaching the lower extremities. It may 
be recalled that Blumgart, Lawrence, and Era- 
stene (1), and, more recently, Woodbury, Mur- 


Fig. 1. Circulation Times and Blood Pressures in Coarctation of the Aorta 
In Figure 1A are recorded circulation times secured by using " Mascosol ” in five patients 
suffering from coarctation of the aorta. The dotted lines show the average values for normal in 
dividual s. In Figure IB are recorded the blood pressures in the four extremities of fourteen 
patients suffering from coarctation of the aorta. 
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phey and Hamilton (20) found delay in the pulse 
wave in the lower extremities, as well as a pro- 
longed circulation time to the feet. 

Disproportion of blood pressure in the arms and 
legs was the most striking and constant finding 
in this group of patients (Table I, Figure IB). 
It is recalled that in normal subjects both the 
systolic and diastolic levels of blood pressure are 
higher in the legs than in the arms. All patients 
except Case 11 showed a higher systolic pressure 
in the arms than in the legs. The diagnosis was 
not made during life in this patient (Case 11) and 
at autopsy only slight narrowing was found at 
the site of coarctation. Hydronephrosis, second- 
ary to occlusion of the right ureter, and arteriolar 
nephrosclerosis were found at autopsy and may 
explain the elevated arterial pressure in the ab- 
sence of more marked constriction of the aorta. 

In our cases the relationship of the diastolic 
pressures in the arms and in the legs was variable. 
Blood pressure levels could not be obtained in 
the legs in four patients. Of the remaining ten 
patients, three exhibited higher diastolic pressure 
in the legs, four had approximately the same 
diastolic pressures in the arms and legs, and three 
showed higher diastolic pressure in the arms. 

King’s (21 ) analysis of the blood pressure read- 
ings in the reported cases of coarctation revealed 
that the blood pressure of the arms may be within 
the normal range. This was the situation in Case 
3 in our series ; nevertheless the systolic pressure 
in the legs bore the usual relationship found in 
coarctation; namely, it was lower. King found 
the systolic pressure in one or both arms uniformly 
higher than that in the legs. He found diastolic 
pressures of a higher level in the legs than in the 
arms six times. In our cases the systolic blood 
pressure readings were higher in the arms than 
in the legs in all except Case 11. The diastolic 
pressure in the legs was higher than that in the 
arms in three cases and was above 90 mm. in five 
cases. The levels of systolic and diastolic pres- 
sure in the arms and legs indicate that there is not 
only an increased resistance to the outflow of 
blood at the site of coarctation and in the col- 
lateral channels, but that there is a general increase 
in peripheral resistance sufficient to maintain a 
high diastolic pressure distal to the site of co- 
arctation. 


Steele (22) reviewed the knowledge of levels 
of arterial pressure in 203 cases of coarctation of 
the aorta and, by intra-arterial measurement, 
found the diastolic pressure to be elevated above 
100 mm. Hg in the femoral as well as the radial 
arteries in two of three cases he studied. He 
concluded that the increase in peripheral resistance 
need not be confined to the upper half of the body 
alone, that there may often be general increase in 
arteriolar tone throughout the body, and that, 
under these circumstances in so far as the dis- 
tribution of peripheral arteriolar resistance is con- 
cerned, the arterial hypertension in coarctation of 
the aorta does not differ from the common forms 
of arterial hypertension. Our cases herein re- 
ported, in which the blood pressure in all extremi- 
ties was increased, point to the same conclusion. 

The absence of palpable pulsations in the ar- 
teries of the legs was an inconstant finding. Eight 
cases had palpable pulsations over the femoral 
arteries, and in four of these pulsations were also 
palpable over the popliteal and dorsalis pedis ar- 
teries. The pulsations were feeble, however. 
Pulsating superficial and intercostal arteries were 
palpable over the upper thorax posteriorly in 
eleven of the fourteen patients. In six of these, 
bruits were heard over the dilated arteries 
(Table I). 

X-ray examination of the chest revealed erosion 
of the ribs with scalloping and nicking of the in- 
ferior margins posteriorly in eleven of our four- 
teen cases, which was the most characteristic x-ray 
finding (Table I). Five cases showed defects in 
the aortic arch. This abnormality was not 
searched for in oblique films in all cases. One 
patient had absence of the aortic knob and one 
had a prominent aortic knob ; both showed scallop- 


ing of the ribs. 

Although these patients had hypertension and 
had performed an increased amount of work p er 
beat over long periods, the heart, as ascertained 
from the cardiothoracic ratio, was enlarged m 


Dnly one of the nine cases (Case 4) in whom the 
cardiac output was measured, and in four (Cases 
10, 12, 13, and 14) of the other cases studied; 
in the remaining one (Case 11) the film was mis 
olaced before this measurement had been made. 
Four of the five cases having large hearts died 
luring the seven-year period which these obser 
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Considerations regarding the etiology of hemo- 
lytic jaundice are inextricably bound up with the 
presence of spherocytosis and the associated in- 
crease in hypotonic saline fragility, and the effect 
of splenectomy in the amelioration of this dis- 
order. Although many different opinions are ad- 
vanced regarding the etiology of the disease, the 
outstanding ones are those postulating a faulty 
bone marrow or an increase in hemolysin produc- 
tion. The theory of faulty bone marrow produc- 
tion, as introduced by Naegeli (1), claims that 
spherocytes are produced by the bone marrow and 
that splenectomy does not change the production 
of abnormal red cells. The dramatic effect of this 
operation is explained by removal of the inhibi- 
tory effect of the spleen on the bone marrow (1). 
Careful studies of the hemoglobin metabolism in 
this disorder, however, have revealed that, after 
splenectomy, increased blood destruction (as 
measured by the urobilinogen output) and also 
increased erythrocyte production (as evaluated by 
the reticulocyte counts) return to normal values 
despite the continued presence of spherocytes. 
Some observers (2) believe that the spleen is the 
most important organ in this disease but do not 
deny production of spherocytes by the bone 
marrow. 

The hemolysin theory, on the other hand, states 
that the shape of the red cells is altered oijtside 
the bone marrow through the action of hemoly- 
sins. Dameshek and Schwartz (3) produced 
spherocytosis in experimental animals by the in- 
jection of specific hemolytic sera and Haden (4) 
was able to induce the same abnormality in vitro 
by the addition of hypotonic saline solutions to 
normal erythrocytes. The former authors have 

1 This work has been aided by grants from the Milton 
fund of Harvard University and the Dazian Foundation 
for Medical Research. 


interpreted spherocytosis as a precursor of 
hemolysis and the morphological expression of an 
alteration in the structure of erythrocytes due to 
the action of different types of hemolytic sub- 
stances. Dameshek and Schwartz (3) demon- 
strated the presence of hemolysins of the immune 
body type in cases of acquired hemolytic anemia 
and showed the disappearance of these antibodies 
and of spherocytosis after splenectomy. In con- 
genital hemolytic anemia, however, the demonstra- 
tion of hemolysins has not been consistently made. 
Recently, Bergenhem and Fahraeus (5) showed 
the presence in normal blood serum of a hitherto 
unknown hemolytic substance called lysolecithin. 
They postulated that an increase in the produc- 
tion of this lysin might be the cause of congenital 
hemolytic anemia. Singer (6) demonstrated the 
increased fragility of spherocytes present in the 
congenital condition towards this lysin but found 
that spherocytes from cases of acquired hemolytic 
anemia reacted like normal cells. These findings 
have recently been confirmed by Gripwall (2). 
The present paper deals with the problem of lyso- 
lecithin production in the body and the possible 
relationship of this physiological lysin to the de- 
velopment of congenital hemolytic jaundice. 

THE RESEARCHES OF BERGENHEM AND FAHRAEUS 

Bergenhem and Fahraeus (5) were led to the 
discovery of their lysolecithin by observing char- 
acteristic changes in blood which was allowed to 
stand quietly for several hours at body tempera- 
ture. This incubated blood showed considerable 
retardation of the sedimentation rate of the ery- 
throcytes, a change in the shape of red cells from 
the biconcave to the spherical form and a notice- 
able reduction of aggregation (rouleaux forma- 
tion). These authors demonstrated that these 
changes were due to the action of a substance 
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formed by an enzyme which was capable of 
splitting this substance from the serum lipoids. 
Adsorption of the latter substance by the red 
blood cells resulted in the above alterations. If 
stronger concentrations of this substance devel- 
oped, actual hemolysis of the erythrocytes was 
noted. The enzymatic process in the serum 
reached its maximum at a temperature of 42° C. 
and a pH of 7.2 and was inactivated at 56° C. 
Bergenhem and Fahraeus (5) concluded that this 
hemolytic substance was either identical with the 
so-called lysolecithin or very closely related to it. 

Lysolecithin is a definite chemical substance 2 
which has previously received attention in the 
study of the biological effect of snake venom. 
From the investigations of Flexner and Noguchi 
(8), Kyes and Sachs (9), Luedecke (10), Man- 
waring (11), Delezenne and Ledebt (12), it is 
known that cobra toxin hemolyzes red blood cells 
only in the presence of serum and that the blood 
lipoids are necessary for this hemolytic activity. 
Snake venom also contains a lecithinase which 
changes lecithin to lysolecithin, the latter having 
hemolytic qualities. Small amounts of lysolecithin 
obtained by the action of cobra toxin on lecithin, 
when added to normal blood, produce the same 
changes as the substance obtained from incubated 
serum. If normal serum is inactivated, and cobra 
toxin then added, the hemolytic power of the 
serum extract can be reestablished. Formation 
of lysolecithin by the lecithinases present in cobra 
toxin and in normal serum can be prevented by 
adding quinine which is a typical inhibitor of the 
action of lipases. 

Recent investigations by Bergenhem (7) have 
revealed certain other qualities of lysolecithin. 
This author pointed out that lysolecithin is in 
some manner related to the complement function 
of the serum and that there are several parallelisms 
in the behavior of this lysin and of complement 
which are of particular interest. It has been 
known for many years that such manipulations as 
shaking of the serum, dilution with distilled water, 
etc. may destroy or inactivate the complement 
function ( cf . Sachs and Klopstock (13)). Be r- 


2 Lysokephalin is supposed to have quite similar quali- 
ties. Both lysolecithin and lysokephalin are sometimes 
called lysocithin (7). 


genhem and Fahraeus (5) demonstrated that ly- 
solecithin is also destroyed or rendered inactive 
by shaking or moving the serum. The most in- 
teresting phenomenon was the demonstration that 
the lysolecithin content present in a freshly drawn 
blood sample can be increased if the unmoved 
serum is incubated for several hours ; if, however, 
the serum is kept in motion during incubation, 
this increase does not occur. Since circulating 
blood is under conditions of constant motion, it is 
to be expected that the amount of lysolecithin 
present in the circulating blood must be smaller 
than in blood which is stagnant. 

Bergenhem and Fahraeus (5) believe that ly- 
solecithin may be of great importance in the 
physiological mechanism of erythrocyte destruc- 
tion. They point out that the spleen must be con- 
sidered as an organ containing a more or less 
constant reservoir of blood, as shown by the well- 
known researches of Barcroft (14) and his asso- 
ciates. Blood stored in the spleen is temporarily 
excluded from the circulation, and in this splenic 
reservoir an increased formation of lysolecithin 
may occur. By adsorption of this substance by 
the erythrocytes, direct hemolysis of the red blood 
corpuscles in the spleen, or preparation of these 
erythrocytes for further destruction, presumably 
takes place. In hemolytic jaundice, where the en- 
larged spleen contains large quantities of blood, 
an increased production of lysolecithin is said to 
occur and is held to be responsible for the in- 
creased erythrocyte destruction. For lack of a 
biological micromethod for determination of ty* 
solecithin, Bergenhem and Fahraeus (5) were 
unable to carry' out direct measurements of this 
substance in blood. They therefore worked with 
large quantities of horse serum, measuring 
changes in the red cells by means of the sedimen- 
tation rate. As changes in the sedimentation rate 
are frequently' slight and difficult to evaluate, a 
simpler and more accurate method for determina 
tion of lysolecithin appeared desirable. In an 
other paper (6) a method for determination o 
the lysolecithin fragility of various red cells ( nor 
mal and spherocy'tic) was described. By adapta 
tion of this method the problem of the significance 
of lysolecithin in the mechanism of hemolysis 
physiological and pathological conditions " as 
facilitated. 
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METHODS 

In the paper (6) on the lysolecithin fragility test, a 
method for extraction of this lysin from serum was de- 
scribed. This method has been adapted for the quanti- 
tative determination of the lysolecithin content of serum. 
Blood is drawn and put into the ice chest until it is com- 
pletely clotted and the serum is expressed. Then the 
serum is removed from the clot by means of a capillary 
pipette. Usually, the obtained serum is centrifuged in 
order to remove the last vestiges of erythrocytes. It was 
noted that the process of centrifuging the serum for 
several minutes apparently does not diminish the content 
of lysolecithin. The serum, which is now completely 
freed from any erythrocytes, is then divided into two 
equal parts. One part is precipitated immediately by 
means of alcohol, the other part after incubation. Ten 
cc. of blood serum are precipitated with 10 times its 
quantity of 95 per cent alcohol, filtered, and the filtrate 
evaporated in a vacuum apparatus at room temperature 
to complete dryness. The residue is again dissolved in 
5 cc. alcohol, filtered, mixed with 6 times its quantity 
of ether, and placed in the refrigerator overnight. The 
precipitate contains the lysolecithin. After centrifuga- 
tion the ether is removed by means of a suction pump, 
and after the precipitate is dried the content of lysoleci- 
thin is determined. For this determination its hemolytic 
power is used. The dried precipitate is now dissolved 
in 0,8 cc. of physiological salt solution. From this basic 
solution a geometric series of dilutions is prepared in 
the usual manner by further dilution with saline. An 
approximate 2 per cent saline suspension of washed 
erythrocytes 3 (containing about 100,000 cells per cmm.) 
is taken up in leukocyte pipettes to the 1 mark and di- 
luted with the various single dilutions of lysolecithin to 
the 11 mark. While hemolysis is taking place, the pi- 
pettes are set aside for one hour; with very weak concen- 
trations of the lysin present, the reaction may be facili- 
tated by placing the pipettes in the incubator for the 
same period. The solutions are then examined in a 
hematocytometer. By determining the number of undis- 
solved erythrocytes, an exact measure of the degree of 
hemolysis is obtained. Hemolysis above 90 per cent is 
regarded as complete. At this degree of hemolysis the 
opaque fluid in the pipettes becomes clear and transparent, 
e lysolecithin content of a serum is expressed in the 
emolyzing value of the substance derived from 10 cc. 
of serum. Only the solutions which give complete he- 
molysis are considered for the evaluation. 


A £ already mentioned, Bergenhem and Fahraeus 
( ) found that the lysolecithin content of a serum 


The erythrocyte suspension is usually made of tl 
patient s own red cells, but it is also possible to use oth 
i ^^rocytes as there is practically no differen 
pe C / S( L eClthm fra &ihty of the erythrocytes of norm 
* j ” CSe er y throc Tt e s are obtained from oxalati 

hpfn ^ 3re ^ en was ^ e d three times with normal salii 
before suspension is prepared. 


can be increased if unmoved blood is incubated 
for from 8 to 24 hours, but that this increase does 
not take place if blood is moved during the in- 
cubation period. As an example, Table I shows 
the results of determination in the lysolecithin 
content of 2 aliquot samples of unincubated and 
incubated serum in 2 different dogs and also the 
results of movement during the whole incubation 
period. 


TABLE I 

Lysolecithin content of unincubated and incubated serum 
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* Time of incubation was 20 to 24 hours, 
t Shaking of the serum was performed by means of a 
motor twice a minute. 


These experiments confirm the statement of 
Bergenhem and Fahraeus (5). In determining 
the relationship between the lysolecithin content 
of 2 equal amounts of unincubated and incubated 
blood of the same blood sample, we should be able 
to differentiate between stagnant (i.e. unmoved) 
and circulating (t\e. moved) blood. In stagnant 
blood we can expect that the lysolecithin content 
of the unincubated blood sample must be much 
higher compared with the corresponding value in 
circulating blood, because this blood reacts like 
the blood sample in the incubator. The relation- 
ship of the lysolecithin content in equal amounts 
of unincubated and incubated unmoved blood of 
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the same sample is called the lysolecithin quotient 
(LLQ) : 

Lysolecithin content of unincubated serum 
Lysolecithin content of incubated serum 

=llq. 

In stagnant blood we should find a LLQ of 1 
or approaching 1, in contradistinction to circulat- 
ing blood where the LLQ must be smaller due to 
the fact that the amount of lysolecithin can be in- 
creased by incubation. In stagnant or stored 
blood this incubation has already taken place in 
the body. In the following experiments the LLQ 
was always determined from 10 cc. of serum. 
To use smaller quantities of serum, the method 
has been further modified : the test is made in 
special pipettes that take just half of the content 
of normal leukocyte pipettes. The amount of 
serum used for each determination can thus be 
reduced to 5 cc. ; the dried lysolecithin for each 
evaluation is dissolved in 0.4 cc. instead of 0.8 cc. 
of normal salt solution. 

RESULTS 

A, The LLQ of peripheral blood in 
normal conditions 

The LLQ was determined in 8 dogs and 30 
normal human beings. The normal group com- 
prised healthy physicians, students and patients 
who showed no evidence of liver, spleen, or blood 
disease or of any condition in which an abnormally 
lowered velocity of blood flow was suspected. 
Table II contains the values obtained in 10 human 
beings and the first column of Table III shows 
the results in dogs. For simplification, only the 
end results of the determinations are given. The 
lysolecithin content of dog serum was tested 
against dog erythrocytes, but for the determina- 
tion of lysolecithin in human serum, human ery- 
throcytes were used. The hemolytic titer of dog 
serum is apparently greater than that - of human 
serum, although this may simply be due to the 
greater fragility of the red cells of the dog to 
' lysolecithin. Normally the LLQ is always a frac- 
tion ol 1, the lysolecithin content (expressed in 
hemolytic titer) of the incubated serum being 
2 to 8 times greater than that of the unincubated 
serum. Relatively great differences were en- 
countered in different individuals. In human 


beings only venous blood was used for the determi- 
nations. In dogs no difference was demonstrated 
in the LLQ of arterial as against venous blood of 
the same animal, but rather considerable indi- 
vidual differences were present. The LLQ in the 
8 dogs was always % to %. 

TABLE II 


LLQ in normal human blood 


Number 

Lysolecithin content of serum 

LLQ 

Unincubated 

Incubated 

i 

1:2 

1: 8 

2: 8 = H 

2 

1:4 

1: 8 
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1:4 

1:16 

4:16 = H 

7 

1:4 

1:32 

4:32 = Y& 

8 

1:4 

1: 8 • 

4: 8 = H 

9 

1:8 

1:16 

8:16=H 

10 

1:2 

1:16 

2:16=^ 


B. The LLQ in splenic vein blood (stored blood ) 

Determinations of the LLQs in blood obtained 
from the splenic artery and vein were performed 
in 8 dogs in order to show possible differences 
between the “ reservoir blood ” of the spleen and 
that of the circulating peripheral blood. Due to 
the great difficulties in obtaining sufficient amounts 
of reservoir blood directly from the spleen, deter- 
minations in the splenic vein blood were made be- 
cause it was thought that the splenic vein might 
not only contain blood passing directly through 
this organ, but also a more or less large quantity 
of stored blood. The results are tabulated in 
column 2 of Table III. 

In all experiments the LLQ in the splenic vein 
blood was greater than that in the splenic arter} 
(i.e., following incubation of splenic vein blo° 
there was usually no increase in lysolecithin titer) . 
In 6 of the 8 experimental animals the unincubate 
blood of the splenic vein contained as much 1) 
solecithin as the incubated ; the LLQ was 1 • 

2 animals the lysolecithin content of the unincu 
bated sample was not an optimal one and cou 
still be increased by incubation. But compat e 
with the corresponding arterial blood, a hig 
lysolecithin content was observed in these 2 dogs 
as well. In order to decide whether the ery- 
throcytes coming from the stored blood o 
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TABLE III 
LLQ in dog serum 


Lysolecithin content In serum from 
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num- 
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Y 

1:64: 
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X \ 

not determined 

8 

1:32 

1:128 

kf 

1:64 

1:128 

X 

1:32 

1:128| Yi 


* Peripheral blood was drawn from jugular vein or 
carotid artery, 

t Hepatic vein blood was obtained after preceding liga- 
ture of inferior vena cava. 

spleen might have already adsorbed lysolecithin 
with a resultant tendency to spherocytosis and in- 
creased fragility, the lysolecithin fragility of red 
cells from the splenic vein and the splenic artery 
was compared. Bergenhem and Fahraeus (5) 
noted such a tendency, and Heilmeyer (15) found 
by direct measurement of the thickness of the red 
cells from the splenic artery and the splenic vein 
m patients with hemolytic anemia that the splenic 
vein erythrocytes were considerably thicker. 
Such a tendency should lead to increased fragility. 
Table IV (as an example of numerous experi- 
ments) shows, however, that no difference in the 
lysolecithin fragility of the erythrocytes in both 
splenic vessels could be demonstrated. In order 
to test the lysolecithin fragility, 2 exactly equal 
suspensions of erythrocytes from the splenic ar- 
tery and the splenic vein (100,000 cells per cmm.) 
were tested against 2 exactly equal concentrations 
of a lysolecithin extract. 

table iv 


Lysolecithin fragility of splenic artery and splenic 
vein erythrocytes 


Kind of erythrocytes 

Lysolecithin dilutions 

1:2 

1:4 

1 

1:8 

I 

1:16 

1:32 

| 

: 

1:64 

From artery: hemolysis. 

+ 

F 

F 

F 



per cent 

100 : 

100 

100 

94 

| 38 

0 

From vein: hemolysis, 

+ : 

F 

F 

F 



per cent 

100 | 

100 : 

100 I 

92 

j 35 

0 


C. The LLQ in hepatic vein blood 

To decide whether blood coming from other 
blood reservoirs than the spleen might show the 
same changes, the LLQ in hepatic vein blood ob- 
tained after ligature of the inferior vena cava was 
determined in 3 dogs (Table II, column 3). 
Some investigators (16, 17) believe that not only 
the spleen but also the liver may be regarded as 
an organ containing more or less large blood 
depots. In contradistinction to the splenic vein 
blood, hepatic venous blood showed the same LLQ 
as found in the peripheral circulation. 

D. The LLQ in the blood of varicose veins 

As already pointed out, a LLQ of 1 may, under 
certain conditions, demonstrate the presence of 
stagnant blood, or at least of a very sluggish cir- 
culation. To confirm this interpretation, the LLQ 
was determined in other conditions in which the 
presence of a sluggish circulation of blood might 
be assumed. Following a suggestion by Dr. 

TABLE v 

The LLQ in varicose vein Wood 


Lysolecithin content in serum from 


t 

Case 

number 

Cubital vein blood 

Varicose vein blood 

i ! 

Unincu- 

bated 

Incu- 

bated 

LLQ 

Unincu- 

bated 

Incu- j 
bated 

LLQ 


1:8 

1:16 

34 

1:16 

1:16 

1 

2 

1:8 

1:16 

34 

1:16 

1:16 

1 

3 

1:8 

1:16 

34 

1:16 

1:16 

1 

4 

1:8 

1:16 

34 

1:16 

1:16 

1 

5 

1:4 

1:16 

34 

1:16 

1:16 

1 

6 

1:2 

1: 8 

H 

1: 8 

1: 8 

1 

7 

1:4 

1: 8 

34 

1: 4 

i 1: 8 

i 

3^ 


Robert Brandt of Augusta, Georgia, determina- 
tions of the LLQ in blood from varicose veins 
were performed. The investigations of Magnus 
(18) have shown that the blood in large varicose 
veins possesses a very sluggish circulation, par- 
ticularly when the patient is in a horizontal posi- 
tion. Nobel (19) and Wolf and Remenovsky 
(20) demonstrated this tendency to stagnation 
fa y x -rav studies of the injected veins. In 6 pa- 
tients with very large varicose veins the LLQ in 
blood from the cubital vein and in blood from the 
varicose vein was compared. Blood was taken in 
the morning before the patient got up. Table V 



158 


KARL SINGER 


shows that blood obtained from the varicose veins 
always presented a LLQ of 1 in contradistinction 
to blood from the cubital veins. Case 7 shows 
identical values for blood of the upper and lower 
extremities ; no varices were present and this case 
was taken as a control. 

E. The LLQ in cases of congenital 
hemolytic anemia 

According to the hypothesis of Bergenhem and 
Fahraeus (5), lysolecithin may be considered to 
be the lysin responsible for the spherocytosis and 
increased blood destruction in this disorder. It 
seemed, therefore, of great interest to determine 
the LLQ in such cases. Table VI shows the re- 
sults obtained in 6 cases of congenital hemolytic 
jaundice. 

TABLE VI 


The LLQ in cases of hemolytic jaundice 


Case 

State of blood 

i 

Lysolecithin content of 
serum* from 

num- 

ber 

Unincu- 
bated 
blood 1 

Incu- 

bated 

blood 

LLQ 

i 

Hemoglobin 50% 

Erythrocytes 2,500,000 
Reticulocytes 9% 

1:1 

1:16 

Kg 

2 

Hemoglobin 54% 

Erythrocytes 3,000,000 
Reticulocytes 7.8% 

1:8 

1:16 


3 

Hemoglobin 90% 

Erythrocytes 4,200,000 
Ret iculo cy t es 8.4% 

1:2 

1: 4 

Yz 

4 

Hemoglobin 64% 

Erythrocytes 3,600,000 
Reticulocytes 8.2% 

1:4 

1: S 

X 

5 

Hemoglobin 70% 

Erythrocytes 3,600,000 
Reticulocytes 18% 

1:4 

1:16 

H 

6 

Hemoglobin F106% 
Erythrocytes 4,900,000 
Ret iculocy t es 7.2% 

1:8 

1:16 

y 2 


* Blood was obtained from the vein of the antecubital 
fossa. 


In all cases the saline fragility of the erythro- 
cytes was increased and the lysolecithin fragility 
test was likewise pathological. The evaluation of 
the lysolecithin content was performed with nor- 
mal erythrocytes in order to avoid errors which 
might be caused by the increased susceptibility of 


the patient’s own erythrocytes. As demonstrated 
in another paper (6a), the spherocytes of con- 
genital hemolytic jaundice have a decreased re- 
sistence towards lysolecithin and therefore give 
higher hemolyzin g values. All these cases show 
no great difference from the normal cases as far 
as the lysolecithin content of the serum is con- 
cerned. Only Case 1 had a very low value in the 
unincubated blood. In no case was there any 
evidence indicating an increased production of 
lysolecithin. 

DISCUSSION 

The results thus far obtained have confirmed 
the findings of Bergenhem and Fahraeus (5) re- 
garding lysolecithin. The demonstration has fur- 
thermore been made that the concentration of this 
physiological lysin is increased by keeping the 
serum quietly in the incubator for several hours; 
no such increase occurs in serum which has been 
shaken. This increase in the amount of lysole- 
cithin in incubated serum may be expressed by 
the lysolecithin quotient, in which the relationship 
of the lysolecithin content of unincubated to that 
of incubated (unmoved) serum of the same blood 
sample is determined. 

In circulating blood this quotient is always a 
fraction of 1. In stagnant blood the LLQ is 1 
or approximates 1, probably' because the enzymatic 
process causing an increase in lysolecithin in the 
incubated test tube has already' been active within 
the body. In splenic vein blood of dogs the LLQ 
was found to be 1 in most animals, probably' due to 
storage of blood in the spleen. At least from the 
standpoint of lysolecithin production, the spleen 
may' be considered to be the “ incubator of the 
body. That a LLQ of 1 is the serological mani- 
festation of stagnant blood was also indicated m 
investigations of blood obtained from varicose 
veins. The extremely' sluggish circulation in these 
veins, particularly in patients placed in a hon 
zontal position for several hours, has been demon 
strated by Magnus (18), Nobel (19) and others 
(20). The finding of a LLQ of 1 in blood from 
these veins in contradistinction to a LLQ o 
34, etc. in blood obtained from the cubital vein m 
the same patient supports the interpretation su a 

gested in this paper. # 

The concept of Rein (16) and associates, tp 
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pinger (17), and others, that the liver may also 
be regarded as an organ containing blood depots, 
could not be corroborated by determining the 
LLQ. The finding of a normal LLQ in the 
hepatic veins may be explained either by the as- 
sumption that no 11 storage ” blood was obtained in 
our experiments, or that the mechanism of storage 
of the blood in the liver may be quite different 
from that in the spleen. The recent investigations 
of Knisely (21) on the histology of the spleen 
indicate that the red cells are separated from the 
fluid of the blood in the venous sinuses of the 
spleen. As a LLQ of 1 was obtained from serum 
of the splenic vein blood in 6 of 8 examined ani- 
mals, we may conclude that not only the eiythro- 
cytes but also the plasma must be stored in the 
spleen for the reason that only unmoved serum 
gives a LLQ of L Due to this storage the “ res- 
ervoir blood ” of the spleen probably has an in- 
creased content of lysolecithin. 

Although these experiments confirm the hy- 
pothesis of Bergenhem and Fahraeus (5) that 
splenic reservoir blood contains more lysolecithin 
than circulating blood, there is at present no proof 
for the assumption that, since this substance has 
hemolytic power when extracted from the serum, 
it is therefore actively engaged in normal blood 
destruction. It is also very doubtful whether the 
concentration of lysolecithin obtainable from 
serum may be considered sufficient for the range 
of normal blood destruction in the body. The 
recently published experiments of Ham and Castle 
(22), who believe that splenic hemolysis is due to 
metabolic changes of the erythrocytes produced 
by intravascular stasis, likewise rule out any ac- 
tion of lysolecithin in this mechanism. Further- 
more, lysolecithin can by no means be regarded 
as the lysin primarily responsible for the hemato- 
logical changes in congenital hemolytic jaundice. 
According to the hemolysin theory, spherocytosis 
ls produced outside of the bone marrow by action 
of hemolysins upon normal red cells. It is the 
morphological expression of an alteration in the 
physical -chemical structure of erythrocytes. Al- 
though in a previous communication (6a) demon- 
stration was made that the lysolecithin fragility of 
spherocytes in congenital hemolytic jaundice is 
remarkably increased compared with that of 
normal cells, the lysolecithin production in the pe- 


ripheral blood in that disorder was found to be 
normal. 4 In order to explain the presence of 
spherocytosis and greatly increased blood destruc- 
tion regularly seen in congenital hemolytic jaun- 
dice, Bergenhem and Fahraeus (5) assumed an 
increased production of lysolecithin. The find- 
ings of both normal content and quotient appear 
to rule out the lysolecithin as of any significance 
in the pathogenesis of this disease. We believe, 
therefore, that lysolecithin, although it has hemo- 
lytic qualities, is not the hemolysin responsible for 
the production of hemolytic jaundice. 


SUMMARY 


L Bergenhem and Fahraeus demonstrated that 
normal blood contains a hemolyzing substance 
called lysolecithin. They believed that this lysin 
was developed in high concentration in the stored 
blood of the spleen and was therefore involved in 
the physiological mechanism of blood destruction. 
Congenital hemolytic jaundice was assumed to be 
due to an increased production of this substance. 

2. A quantitative method is described for deter- 
mination of the lysolecithin content in relatively 
small amounts of blood. The content of lysole- 
cithin in peripheral blood of dogs and normal 
human beings was determined. It was demon- 
strated that this content could be increased 2 to 
8 times by incubating unmoved blood for several 
hours, but that moving the blood during incuba- 
tion did not produce this increase, probably due 
to the fact that moving destroyed or inactivated 
the lysin. Circulating (i.e. moved) blood con- 
tains less lysolecithin than stagnant (i.e. un- 
moved) blood. To relate circulation of blood to 
its lysolecithin production the lysolecithin quotient 

llq= 


Lysolecithin content of unincubated seru m 
Lysolecithin content of incubated serum 
was determined. 

3. The LLQ of normal peripheral blood is al- 
ways a fraction of 1 ; in stagnant or stored blood 
the LLQ was found to be 1. By means of the 
LLQ, the differentiation between circulating and 
stagnant blood appears possible. 


Unfortunately, no data concerning the lysolecithin 
production m splenic artery and splenic vein blood in 
cases of hemolytic jaundice are yet available, although 
such investigations would be highly desirable. 
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4. Blood from the splenic vein in dogs has a 
LLQ of 1, indicating the presence of stored blood 
coming from the spleen. The LLQ in blood from 
the splenic artery, however, was always a fraction 
of 1. These findings demonstrate an increased 
lysolecithin production in the “ splenic reservoir 
blood.” 

5. The LLQ obtained from blood from varicose 
veins, presenting an area of very sluggish circula- 
tion, was likewise 1. 

6. The LLQ in blood from the hepatic vein was 
the same as in peripheral blood. This finding 
might indicate that the mechanism of “ storage of 
blood ” in the liver might be different from that in 
the spleen, where, presumably, separation of 
plasma and erythrocytes inside the organ occurs 
(21)> 

7. No difference in the lysolecithin content and 
the LLQ in the blood of patients with congenital 
hemolytic anemia, as compared with that of 
normal persons, was found. 

8. The significance of lysolecithin as the physi- 
ological hemolysin involved in the mechanism of 
normal blood destruction by increased production 
in splenic reservoir blood is not conclusive. It is ■ 
also very unlikely that lysolecithin can be regarded 
as responsible for the increased blood destruction 
in congenital hemolytic jaundice, since no increase 
in the production of this lysin was demonstrable 
in the disease. It is therefore believed that lyso- 
lecithin, although having hemolytic qualities, is 
not the hemolysin causing hemolytic anemia. 
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In 1934 Sanguinetti (1) observed a rise in the 
blood urea after hemorrhage into the gastrointes- 
tinal tract. This observation has been confirmed 
in many subsequent reports. It has been shown 
that not all patients with comparable degrees of 
hemorrhage from the upper gastrointestinal tract 
develop azotemia. The reason for this disparity 
has not been clarified. Several theories, none of 
which has been universally accepted, have been 
proposed to explain the pathogenesis of post- 
hemorrhagic azotemia: (I) Toxic destruction of 
body protein (1, 2, 3, 12) ; (2) toxicosis due to 
bacterial decomposition of the stagnant blood (1, 
4) ; ( 3 ) absorption of digested blood (1, 5, 6, 7) ; 
(4) abnormality of chloride metabolism (6, 8) ; 
and (5) functional impairment of renal activity 
(6,7,9, 10, 12, 13, 14). 

^ This communication reports a study of 17 pa- 
tients with upper gastro-intestinal hemorrhage. 
Our observations support the opinion that azo- 
temia following hemorrhage into the stomach and 
upper part of the small intestines occurs only when 
the kidney function is temporarily or permanently 
reduced. Evidence is presented which indicates 
that such azotemia is due to an accentuation and 
prolongation of the normal physiological rise in 
the blood nonprotein nitrogen which follows the 
mgestion of a large amount of protein. 


general procedure and methods 


Blood for chemical analysis, hemoglobin, and erythro- 
cyte counts was taken on admission to the hospital and 
st frequent intervals as indicated in the tables. Renal 
unction was studied by repeated measurement of the 
urea and creatinine clearances. In most instances, the 
initial observations on renal function were begun within 
a few hours after admission to the hospital. The blood 
Urea m *trogen was measured by the manometric urease 


1 Presented in abstract at the meeting of the American 
ociety for Clinical Investigation, May 6, 1940, Atlantic 
City, New Jersey. 
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method of Van Slyke (19). Blood serum chloride 
(blood collected under oil) was determined by the method 
of Van Slyke and Sendroy (19). Nonprotein nitrogen 
was determined by the micro Kjeldahl and direct nes- 
slerization method of Wong (19). Plasma carbon di- 
oxide combining power was measured by the method of 
Van Slyke and Cullen (19). Creatinine clearances were 
done according to the method of Holten and Rehberg 
(22). Urea clearances were done by the method of 
Mdller, McIntosh, and Van Slyke (21). The urea clear- 
ance was calculated by the method of Chesley (16) when 
the rate of urine excretion was less than 0.35 cc. per 
minute. In practically all cases the urine collection was 
made by catheter. Values for blood and urine urea are 
expressed as urea nitrogen. 


SUMMARY OF CLINICAL DATA 

Table I is a summary of the 17 cases. The 
maximum blood urea nitrogen and nonprotein ni- 
trogen, day of admission after onset of hemor- 
rhage, the severity of hemorrhage as estimated by 
the red blood cell count, blood pressure, and renal 


TABLE i 

Summary of 17 cases of upper gastro-intestinal hemorrhage 




*5 £ 

et 


Clearance 


Admission 


■°a 

6 S 


_c & 
« 


*§e 


eg 

(E E 


day*, 


52c?’ 
759 
60 9 
49c? 
62c? 
65c? 
65 c? 
53 c? 
63c? 
59c? 
56c? 
70 c? 
57c? 
59c? 
53 c? 
56c? 
519 


mym, 

JXT 

cent 


Trtyffl, 

pn 

coil 

48 

88 

30 

85 

60 

135 

42 
116 
166 

52 
45 

53 
41 
74 
76 

43 
55 


m.ej. 


104 


103 


id- 

uma\ 

per 

cent 


per 

eaii\ 

95 

37 

51 

51 

27 

28 
100 

45 

44 

125 

53 

57 

43 

52 
95 
52 


cc. 
per 
min-\ 
i dc 
161 
42 
126 

48 
53 
30 

93 

49 

192 

104 

60 

66 


PTC J718] 

72 

8.0 

5.5 
11.0 

5.8 

4.0 
9.2 

8.5 

5.0 

4.5 
5.8 

5.8 

5.1 

6.8 

7.8 

5.5 

6.8 


m3- 
lion t' 

2.7 

2.9 

1.9 
32 

1.7 

1.7 

2.9 
22 

2.4 

1.4 

1.9 

1.8 
1.7 
2.0 
2.0 
1.9 
2.1 


92/60 
120/80 
105/65 
185/130 
! 88/52 
110/70 
180/90 
120/70 
82/50 
110/60 
100/70 
100/40 
200/90 
120/70 
100/70 
100/50 
110/65 


90/ 70 
310/60 
100/65 
180/95 
70/60 
112/63 
150/S0 
120/70 
50/30 
90/50 
100/5 S 
92/60 
135/70 
85/50 
60/40 
95/55 
110/60 


* pay Of admission after onset of hemorrhage. 
T Maximum values during hospital course. 
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UREA CLEARANCE - PERCENT 
— > = ADMISSION 5 DAYS AFTER ONSET OF HEMORRHAGE 

Fig. 1. Comparison of Blood Nonprotein Nitrogen and Renal Function 


function are listed. The azotemia which was ob- 
served in this group of patients occurred, for the 
most part, in the absence of shock. 

Cases 1 and 11 are striking in that they entered 
the hospital on the day of onset, had severe 
hemorrhages, but showed no significant elevation 
of the blood nitrogen during the period of obser- 
vation. Case 7 was similar, although his blood 
was examined the day after onset of hemorrhage. 
These 3 are the only cases in the series which 
showed consistently normal renal function. All 
the other cases entering the hospital prior to the 
third day after the onset of severe hemorrhage 
had a significant rise in the blood nonprotein ni- 
trogen. Also, they had a marked reduction in 
renal function. Figure 1 is a comparison of the 
blood nonprotein nitrogen and the renal function. 
The correlation between the two is even more 


striking when the course of this type of azotenna 
is considered. 

The course of the blood nonprotein nitrogen in 
6 representative cases is presented in Table Ik 
In Cases 2 and 4 the clinical evidence was that of 
a single massive hemorrhage. Although these 2 
patients developed a significant azotemia, the non- 
protein nitrogen levels were again within normal 
limits of physiological variation on the fourth and 
fifth days after the hemorrhage had occurred. 
The course was more prolonged in Cases 14 and 
15; in these patients there were repeated hemor- 
rhages after admission to the hospital. Obvi 
ously, when there has been a single massive hemor 
rhage, a rise in the blood nonprotein nitrogen maj 
be missed if the blood is not examined within the 
first 3 days after onset. 

The hemorrhage was severe in all cases, u 
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TABLE II 


Course oj blood non protein nitrogen after gastric hemorrhage 


% 

tf 

CJ 

Percent urea 
clearance 

Red blood 
cells 

Days after onset of hemorrhage 
(Nonprotein nitrogen, mgm. per cent) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 



mil- 















lions 













1 

95 

2.7 

47 

47 









43 

* 

2 

37 

2-9 

82 

88 


43 

43 




32 

36* 



4 

51 

33 


85 

75* 

56 

48 





38 



11 

125 

1.9 


48 

41 



39 

40 

40 



35 

* 

14 

43 

2.0 


74 


72 

54 1 

50 1 

35 1 

35 


35 


♦ 

IS 

47 

2.0 


76 

I 

64 

t 

75 

1 

1 

62 i 

58 ; 

i 


54 

52 


46 


* = First guaiac negative stool. 


there was considerable variation in the maximum 
blood urea nitrogen levels. The lack of direct 
correlation between the severity of hemorrhage 
and the maximum blood urea nitrogen can be seen 
in Table I. 

Metabolism after hemorrhage 

Information concerning the protein metabolism 
incident to upper gastro-intestinal hemorrhage was 
obtained through the following experiment: Ci- 
trated human blood (1200 to 1500 cc.) was given 
to 4 patients by stomach tube within a period of 
6 to 8 hours. These patients were given a con- 
stant nitrogen intake for 5 days preceding the 
administration of the blood. Their renal func- 
tion was measured during the preceding 72 hours. 
The blood urea nitrogen rose in all cases as is 
usual after the ingestion of protein (11, 15, 20). 


However, the rise was moderate and transient in 
the cases with normal renal function. 

In Case 14, in whom the urea clearance was 
50 per cent, the blood urea nitrogen reached 54 
mgm. per cent and remained above 24 mgm . per 
cent for 72 hours. At the end of 24 hours the 
nitrogen (37.5 grams) derived from the 1250 cc. 
of blood ingested by this patient could be ac- 
counted for as follows: Nitrogen retained in the 
body water, estimated from a rise of 34 mgm. 
per cent in the blood nonprotein nitrogen, 15.5 
grams ; nitrogen excreted in the urine, 13.8 grams ; 
extra nitrogen finally excreted in the feces, 8.7 
grams; total nitrogen accounted for, 38 grams. 
Figure 2 gives a graphic illustration of this dis- 
tribution. Nitrogen balance studies in the other 
3 cases likewise indicated that the ingested blood 
was the source of protein responsible for the in- 
crease in urea production. Only 20 to 30 per 
cent of the nitrogen given as blood could be re- 
covered in the stools when these were collected 
until the guaiac reaction became negative. The 
control stool nitrogen before the ingestion of blood 
and after the feces became free of blood was 
within normal limits and essentially the same. 
On the other hand, excess nitrogen amounting to 
50 to 54 per cent of the nitrogen given as blood 
appeared in the urine. Results similar to those 
just noted were obtained in Case 14 when an 
equivalent amount of beef serum protein was in- 
gested (see Figure 4). The effect of another 
type of protein was tested in another patient by 
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feeding liver residue. The behavior of the blood 
nonprotein nitrogen is shown in Figure 3, where 
it may be compared with the azotemia produced 
in this same individual by a massive spontaneous 
gastric hemorrhage. 

An indication of the magnitude of the protein 
metabolism which takes place after gastric hemor- 
rhage may be obtained from a study made on 
Case 14 shortly after admission to the hospital. 
During a period of 2 hours and 40 minutes, the 
urinary urea nitrogen output was 2.85 grams, at 
a time when the blood urea nitrogen was 50 mgm. 
per cent. If these conditions were continued for 
12 hours, at least 214 grams of protein would be 
required for the production of the urea involved. 

Renal function after hemorrhage 

The data on renal function are shown in Table 
III. In most of the patients with reduced renal 
function, repeated measurement continued to show 
that impairment as long as 4 weeks after admis- 
sion. The high incidence of impaired renal func- 
tion was unexpected in that only 2 of these pa- 
tients had positive histories and urinary findings 
of glomerulonephritis. It does not seem likely 
that the anemia was directly responsible for the 
impairment in view of the fact that those patients 
with normal renal function had equally severe 
anemia. In the cases in which the impairment of 
renal function was temporary, the fall in blood 
pressure was probably responsible. 

As a whole, the patients with marked elevation 
in the nonprotein nitrogen recovered as rapidly as 
those with no significant elevation. The patients 
in whom the reduced renal function was incident 
to repeated fall in blood pressure had a more 
stormy course during the initial phase of their 
illness. No evidence was found to indicate that 
this type of azotemia represents a serious intoxi- 
cation. However, the patients who ingested blood 
by stomach tube developed one or more loose 
stools consisting of partially digested blood within 
7 hours after the feeding was started. Two of 
the patients became nauseated and vomited. A 
slight rise in temperature was noted in these latter 
cases. 

The degree of azotemia was not a reliable index 
to the severity of the hemorrhage, but a progres- 
sive daily decline showed good correlation with 


TABLE III 

Course of renal function in gastrointestinal hemorrhage * 


Case 

number 


Urea clearance. 

Creatinine clearance, 

per uni 

cc. per minute 


Week of hospital course 



I 

II 
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1 III 

IV 

I 

II 

III 

IV 

1 

83 

108 



126 

92 


161 



148 


2 

35 

39 

55 

52 

' 37 
l 41 


58 

54 

42 

58 

1 

63 

! 

67 

3 

1 

54 

48 

78 

70 
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49 



114 

10 

46 
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73 





138 

11 

129 

121 
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12 


53 

54 

66 

59; 


65 

50 


104 


i 

118 

13 

62 

52 

I 



65 

53 

60 




87 

14 

44 

42 

j 



49 

51 

67 




67 

15 

52 




56 

40 





74 


* Urea clearances done in duplicate. Creatinine and 
urea clearances done simultaneously. Normal creatinine 
clearance 170 cc. per minute (26). 


the clinical evidence of cessation of hemorrhage. 
One patient in the group died (Case 10) . He had 
repeated hemorrhages during the month prior to 
admission to the hospital. A final massive hemor- 
rhage was responsible for his death. 


DISCUSSION 

In view of the fact that the elimination of urea 
from the body is effected primarily by the kidney, 
it seems reasonable that attention should be fo- 
cused on renal function in the type of azotemia 
under consideration. The blood urea nitrogen 
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ranges from 5 to 23 mgm. per cent in the normal 
subject on a diet containing one gram of protein 
per kilo, body weight (15). From a physiological 
point of view the level of blood urea nitrogen is a 
function of urea production by the liver and urea 
excretion by the kidneys. It is conceivable that 
the production of urea may increase with such 
rapidity that it will exceed the excretory capacity 
of the kidneys and result in a rise in the blood 
urea nitrogen. 

Evidence that the rate of urea formation is 
enormously increased when large amounts of 
blood enter the upper gastro-intestinal tract is 
to be found in our nitrogen balance experiments 
described above. In Case 14 the urinary urea ni- 
trogen during the first 24 hours was 11.4 grams. 
The excess urea nitrogen in the body fluids at 
the end of 24 hours was 15.5 grams. This makes 
a total of 57 grams of urea formed during the 24 
hours after the ingestion of blood. The urea 
production during this period is five times that 
of the control period in which the daily urine urea 
was 10 grams (4.8 grams urea nitrogen). If the 
renal function is reduced, either by a fall in blood 
pressure or by organic disease of the kidney, the 
elevation of blood urea nitrogen which follows the 
increased production of urea may be greatly ac- 
centuated. 

The correlation between the elevation of blood 
urea nitrogen and the existing renal function in 
the cases presented here indicates that renal func- 
tion is a most important factor in determining 
whether a given patient with a large gastric hem- 
orrhage will develop a significant azotemia (see 
Figure 4) . 

Only a few reports on this subject are available 
in which adequate renal function studies have been 
recorded. The most recent paper is that of Ste- 
vens and co-authors (17), who studied kidney 
function in 4 cases. In each of their last 3 cases 
two or more of the urea clearance periods varied 
between 40 and 60 per cent of normal (corrected 
to 1.73 square meters surface area). Their first 
case was admitted to the hospital in shock (25). 
After a few hours the blood pressure rose from 
80/60 to 122/60 and remained above that level 
during the remainder of the hospital stay. The 
urea clearances were done on the second hospital 
day, at which time they were within the normal 
range. Black (23) reported 12 cases of hema- 


temesis in which renal function was studied. His 
data do not include the day after onset of hemor- 
rhage on which the blood urea determination and 
urea clearances were made. That information is 
of much importance because of the transient na- 
ture of this type of azotemia. Even though his 
data are inadequate for analysis from our point 
of view, it is of considerable interest to note that 
the blood urea nitrogen did not exceed 20 mgm. 
per cent in any of his patients who had consistent!)' 
normal renal function. Borst (6) reported 3 
cases with azotemia in which the urea clearance 
fell to 15 per cent or less, associated with shock. 
In another paper this author reports 5 cases with 
azotemia (24). Three of these cases showed re- 
duced renal function (19, 47, and 58 per cent of 
normal). The other 2 cases had normal renal 
function when determined several days after ad- 
mission. Of these 2, Case 5 was admitted in 
shock with a blood pressure of 60/30. The urea 
clearance done on the third hospital day was nor- 
mal. No statement concerning shock was made 
in his discussion of the other patient (Case 3). 
However, the patient received 700 cc. of blood by 
transfusion and considerable parenteral fluids 
during the first 48 hours. The urea clearance was 
done at some period during the second 24 hours. 
Alsted (12) reported 5 cases in which the renal 
function "was studied. Four of these had normal 
renal function and the maximum blood urea ni- 
trogen ranged from 23 mgm. per cent to 27 mgm. 
per cent. The other patient showed a fall in the 
urea clearance to 15 per cent with a rise in the 
blood urea nitrogen to 100 mgm. per cent. Clau- 
sen (7) reported 3 cases, all of whom showed a 
reduction in the urea clearance (38, 54, and 68 
per cent). The data in Christiansen’s cases (S) 
are too inadequate to allow definite conclusions. 

It is seen from this brief review of the litera- 
ture that a reduction in the urea clearance ( 10 to 
60 per cent of normal) is a common finding > n 
patients with a significant rise in the blood urea 
nitrogen following upper gastro-intestinal hernor 
rhage. Stevens and associates (17), in discussing 
the renal factor in this type of azotemia, point out 
that for the most part the urea clearances "^re 
not reduced below 20 per cent of normal. T e ) 
cite Peters and Van Slyke to the effect that the 
urea clearance must be reduced to 20 per cent o 
normal before all cases of impaired renal functio 
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show an elevated blood urea nitrogen. However, 
Peters and Van Slyke (IS) also state that the 
blood urea nitrogen can be interpreted correctly 
only when considered in connection with the rate 
of urea formation. Indeed they point out that, if 
the protein intake is sufficiently reduced, many 
patients with extensive renal damage may continue 
to have a normal blood urea nitrogen. In the 
fasting state the urea clearance must be reduced 
at least to 20 per cent before the rate of urea 
formation exceeds the rate of urea excretion. 
When the rate of urea production is significantly 
increased, the rate of urea excretion will be ex- 
ceeded with less severe reduction in the urea 
clearance. 

Christiansen (8) suggested that a lack of blood 
chloride may be responsible for the azotemia of 
hemorrhage. That hypochloremia may result in 
azotemia seems established by the careful experi- 
ments in man by McCance (14). The rise in 
blood urea nitrogen which he observed was asso- 
ciated with a progressive decrease in renal func- 
tion, although there was no change in blood pres- 
sure. None of the cases in our series in which 
the blood chloride was determined, showed hypo- 
chloremia (see Table I). No change was found 
in the blood chloride of Case 14 after the ingestion 
of blood. The plasma carbon dioxide combining 
power was not abnormal in this group of cases. 

conclusion 

1. A marked rise in the non protein and urea 
nitrogen of the blood was observed in cases of 
severe upper gastro-intestinal hemorrhage only 
when there was a temporary or permanent reduc- 
tion in renal function. 

2. The duration of the azotemia was 3 to 5 days 
after a single hemorrhage, but was more prolonged 
when there were repeated hemorrhages. 

3. No changes were observed in the serum chlo- 
ride or in the plasma carbon dioxide combining 
power. 

4. Whole blood in the upper gastro-intestinal 
tract is digested and absorbed, and results in the 
formation of urea. 

5. The pathogenesis of the azotemia depends on 
a rate of urea formation which is in excess of the 
rate at which urea can be excreted by the kidneys. 

6. No definite correlation between the degree 


of azotemia and the prognosis for recovery was 
found. 

7. The absence of azotemia in some patients 
with massive hemorrhage into the upper gastro- 
intestinal tract may be explained by the fact that 
these patients have normal renal function. In 
them the rate at which urea is excreted quickly 
equals the rate of increased urea production. 


Grateful appreciation is expressed to Dr, Samuel H. 
Bassett for many valuable criticisms and suggestions 
during the course of this work. 


BIBLIOGRAPHY 


1. Sanguinetti, L. V., Azohemias en el xurso de las 

Hemorragias retenidas a nivel del tubo digestive. 
Arch. Argent de enferm. d. ap. digest, y. de la 
nutricion, 1934, 9, 264. 

2. Meyler, L,, Post haemorrhagic uraemia. Acta Med. 

Scandinav., 1935, 87, 313. 

3. Bookless, A. S., Uraemia after haemorrhage. Guy’s 

Hosp. Rep, 1938, 88, 22. 

4. Christiansen, T, Hyperazotaemia in intraintestinal 

haemorrhage. Acta. Med. Scandinav, 1936 t Supp. 
78, 894, 

5. Ingegno, A. P, The elevated blood urea of acute 

gastro-intestinal hemorrhage and its significance. 
Am. J. Med Sc., 1935, 190, 770. 

6. Borst, J. G. G, The cause of h 3 r perchloremia and 

hyperazotemia in patients with recurrent massive 
hemorrhage from peptic ulcer. Acta. Med. Scan- 
dinav, 1938, 97, 68. 

7. Clausen, J, Hyperazotemia in cases of acute ventricle 

hemorrhage. Acta, Med. Scandinav, 1936, Supp. 
78, 908. 

8. Christiansen, T, Uraemia as cause of death in mas- 

sive haemorrhage from peptic ulcer. Acta, Med. 
Scandinav, 1935, 85, 333, 

9. Witts, L. J, Hematemesis and melena. Brit. M T 

1937, 1, 847. ' ’ 


10, Crohn, B. B, and Lerner, H. H, Gross hemorrhage 
as a complication of peptic ulcer. Am. J. Digest 
Dis, 1939, 6, 15. 


11. Schiff, L, and others, Observations on the oral ad- 

ministration of citrated blood in Man Am T 
Digest. Dis, 1939, 6, 597. 

12. Alsted, G, Further studies on azotemia following 

hemorrhage in the digestive tract. Am. T. Med 
Sc, 1936, 192, 199. 


r * v ^cinurrnage. JSrit. A 

J, 1936, 2, 115. 

14. McCance, R. A., and Widdowson, E. M„ The seen 

tiem of urine in man during experimental salt d< 
ficiency. J. Physiol., 1937, 91, 222 

15. MacKay E. M, and MacKay, L. L„ The concentn 

tmn of urea in the blood of normal individual 
J- Uin. Invest., 1927, 4, 295. 



168 


JOHN B. JOHNSON 


16. Chesley, L. C., The validity of the calculation of the 

standard urea clearances from low urine volumes. 
J. Clin. Invest., 1937, 16, 653. 

17. Stevens, R. J., and others, Renal function and the 

azotemia following hematemesis. J. Clin. Invest., 
1940, 19, 233. 

18. Peters, J. P., and Van Slyke, D. D., Quantitative 

Clinical Chemistry, Vol. I, Williams and Wilkins, 
Baltimore, 1931, p. 358. 

19. Peters, J. P., and Van Slyke, D. D., Quantitative 

Clinical Chemistry, Vol. II, Williams and Wilkins, 
Baltimore, 1932, p. 296. 

20. Witts, L., Observations on the metabolism of amino 

acids in health and disease. Quart. J. Med., 1929, 
22, 477. 

21. Moller, E., McIntosh, J. F., and Van Slyke, D. D., 


Studies of urea excretion. II. Relationship be- 
tween urine volume and the rate of urea excretion 
by normal adults. J. Clin. Invest., 1928, 6, 427. 

22. Holten, C., and Rehberg, P. B., Studies on the patho- 

logical function of the kidneys in renal disease. 
Acta. Med. Scandinav., 1931, 74, 479. 

23. Black, D. A. K., Urea clearance in haematemesis. 

Lancet, 1939, 1, 323. 

24. Borst, J. G. G., Uber Erhohung des Kochsalz- und 

Harnstoffgehaltes und Emiedrigung des Albumin- 
gehaltes des Blutes bei Patienten mit starken 
Magenblutungen. Ztschr. f. klin. Med., 1936, 130, 
74. 

25. Stevens, R. J., Personal communication. 

26. Smith, H., The Physiology of the Kidney, Oxford 

University Press, New York, 1937, p. 98. 



ON THE RENAL TUBULAR EXCRETION OF CREATININE 1 IN 

NORMAL MAN 

By JAMES A. SHANNON and HILMERT A. RANGES 
(From the Department of Physiology, New York University College of Medicine, New York) 

(Received for publication October 14, 1940) 


The demonstration that in man the renal excre- 
tion of exogenous creatinine 1 takes place in part 
by an active tubular process depends upon two 
experimental findings ( 1 ) . The plasma clearance 
of creatinine in the normal individual is invariably 
in excess of the simultaneously determined inulin 
clearance, which is accepted as a valid measure of 
glomerular filtration rate (2). Furthermore, rais- 
ing the plasma creatinine from low to high con- 
centrations depresses its clearance toward that of 
inulin, which appears to be its limiting value. 
However, contrary to similar findings in the dog- 
fish (3) and chicken (4), this depression is not 
completely reversible. 

More recently, both the presence and the sig- 
nificance of the curvilinear relationship between 
plasma concentration and renal excretion of cre- 
atinine have been questioned. Winkler and 
Parra (5) observed that, following the ingestion 
of a single dose of creatinine, its clearance and 
the creatinine/sucrose clearance ratio behave 
rather erratically, but are generally depressed as 
the experiment progresses. These authors be- 
lieve that the curvilinear relationship, as previ- 
ously described, is not a dependent one. They 
suggest that its presence in the original experi- 
ments was incidental to an experimental routine 
which usually resulted in the high plasma concen- 
trations being observed later than the low ones. 
Findley (6) later re-examined the relationship 
between plasma concentration and renal excretion 
over a range of plasma values of 1.0 to 14.0 mgm. 
per cent. His findings are precisely the same as 
those previously reported by Cope (7). That is, 
a linear relationship between these two variables 
obtains if one arbitrarily corrects the observed 
plasma concentration by — 0.5 mgm. per cent of 
assumed non-creatinine chromogenic material. He 
did not consider the depression of the creatinine 

x ln this report, unless specifically stated to the con- 
trary, the term creatinine may be taken to mean ex- 
ogenous creatinine. 


clearance at higher plasma levels valid evidence of 
tubular excretion, since the concentrations neces- 
sary to demonstrate the phenomenon were u far 
beyond the physiological range.” The linear rela- 
tionship limited to the lower plasma values was 
then advanced as evidence opposing the renal 
tubular excretion of creatinine. This conclusion 
would favor Rehberg’s (8) original contention 
that creatinine is excreted solely by glomerular 
filtration. 

More recently, Rehberg (9) has called attention 
to the demonstration by Abdon ( 10) that the ad- 
ministration of creatinine leads to the appearance 
in the plasma of a substance resembling creatin- 
phosphoric acid. It is Rehberg's belief that the 
tubules do not participate in the excretion of 
preformed creatinine but rather that they may 
transfer creatinine which has its origin in the 
plasma in some more complex compound, such 
as that described by Abdon. This is an important 
consideration, since this type of compound would 
yield true creatinine in ordinary plasma filtrates 
and behave as such toward both specific and non- 
specific analytical methods. 

EXPERIMENTAL METHODS 

The subjects were healthy males selected from the 
wards of the Third (New York University) Medical 
Division of Bellevue Hospital. They had been admitted 
for minor illnesses from which they had completely re- 
covered at the time these observations were made. In 
general, conditions were quasi-basal. The patients were 
at complete bed rest the morning of the experiment and 
had not received food for 16 hours. They were hydrated 
by the administration of 1000 ml of water, 120 and/or 
60 minutes prior to the first period. In long experiments 
ajiigh urine flow was sustained by the administration of 
250 to 500 ml. of water between groups of observations. 

AH urine collections were by catheter with complete- 
ness of collection insured by bladder washouts. The 
blood samples were obtained by puncture of the ante- 
cubital vein at the middle of each experimental period. 
The samples were centrifuged at once and the plasma 
precipitated as soon as separation was effected. Heparin 
was used as the anticoagulant. The urine samples were 
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diluted to the expected U/P ratio of inulin and this 
diluted urine subjected to the same precipitation reagents 
as the plasma. The routine of analyses was much the 
same as in our previous work (1, 2), except that for 
inulin determinations the Folin (11) sugar method was 
used. All analyses were in duplicate and the mean of 
these was used in the calculation of the clearances. 

Three general types of experiments were performed. 
In all, the plasma concentration of inulin was elevated 
to and maintained at approximately 100 mgm. per cent 
by appropriate priming and sustaining infusions. When 
creatinine was given intravenously, it was included in the 
inulin infusion, or it was injected into the lumen of the 
infusion tubing when a single intravenous injection was 
given. When given by mouth, the creatinine was dis- 
solved in water, chilled and made palatable by the juice 
of a lemon. The details of experimental procedure and 
typical plasma concentrations can be obtained by refer- 
ence to Tables I, II, and III. 

In three experiments we examined the plasma for the 
presence of a labile combination of creatinine or deriva- 
tive with phosphate following the administration of 
creatinine. After a control sample of blood, 10 grams of 
creatinine were administered by mouth and further blood 
samples taken at 1, 2, and 3 hours. The samples were 
handled in a cold room, +1.0 — + 2.0° C., with all 
apparatus and reagents cooled to this temperature by a 
stay overnight at the low temperature. The bloods were 
centrifuged at high speed for 2 minutes and the plasma 
separated and precipitated immediate^ with trichloracetic 
acid. The filtrates, obtained with the aid of a vacuum 
pump, were then neutralized to pH 7.5 to 8.0 with 
NaOH. The entire operation, i.e. y vein puncture to the 
neutralization of the filtrate, required less than 5 minutes. 
The low temperature obviated the necessity of an anti- 
coagulant. At the end of the experiment the neutralized 
filtrates were brought to room temperature and the 
method of Fiske and Subbarow (12) was used to deter- 
mine the presence of a labile phosphoric acid compound. 
The rate of color development in this method was de- 
termined by readings each minute on an Evelyn photo- 
electric colorimeter. This rate was precisely the same 
in the test samples as in the control, and not significantly 
different from standard phosphate solutions which had 
their salt content enriched by dilution with trichlora- 
cetic acid, neutralization with NaOH and subsequent 
acidification. 

EXPERIMENTAL RESULTS 

On the depression of the creatinine clearance 
by simple elevation of the plasma creatinine con- 
centration. Figure 1 presents the relationship 
between the plasma creatinine concentration and 
the creatinine /inulin clearance ratio in a series of 
seven experiments derived from our previous 
study (1). Each dot represents the mean ratio 
observed in three consecutive 10 to 20-minute 



MG. PER CENT 

Fig. 1. The Relationship Between the Plasma 
Concentration of Creatinine and the Creatinine/ 
Inulin Clearance Ratio 

For full explanation, see text, p. 170. 

periods started within 20 minutes after a single 
injection of creatinine; the circled dot is the mean 
of a large series of experiments at plasma concen- 
trations varying from 5 to 15 mgm. per cent. The 
curve is constructed from the eighty observations 
in our original series of data and represents the 
mean of this relationship. These observations, 
for the most part, were from experiments which 
proceeded from low to high plasma concentrations 
by a series of two or three doses of creatinine. 
This comparison indicates that the creatinine 
clearance, and the creatinine/inulin clearance ratio, 
are dependency related to the plasma creatinine 
concentration as described by this curve. That is, 
the depression at the high plasma concentrations 
is a true expression of the relationship of the two 
variables. 

On the depression of the creatinine clearance 
related to the duration of observations at lc ne 
plasma concentrations of creatinine. Our data in 
dicate that, after the oral administration of a 
single dose of creatinine, the initially elevate 
creatinine clearance may progressively fall* * 
should be stressed, however, that this phenomeno 
is wholly separable from that described in t 
previous section. We have attempted to de 
the circumstances of the fall experimentally 
thereby gain some insight into the mechanism re- 
sponsible for it. The experiments shown 
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Tables I, II, and III are typical of the data as a 
whole. The lack of any systematic changes in 
the inulin clearances permits the presentation of 
our results in the form of creatinine/inulin clear- 
ance ratios or calculations derived from this term. 

TABLE i 

An experiment wherein a constant intravenous infusion of 
creatinine was administered throughout 
Subject; P. F. Experiment number 8C. 

0-10 minutes. Priming infusion 100 ml. of 12.0 per cent 
inulin, 3.0 per cent creatinine In 0.85 per cent saline. 
10 minutes-end. Sustaining infusion, 4.5 per cent inulin, 
0.6 per cent creatinine in 0.85 per cent saline at 4.0 to 
4.5 ml. per minute. 
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TABLE n 

An experiment showing the fall in the creatinine clearance 
after a single oral dose of creatinine 

Subject: P. F. Experiment number 5C. 

0 minutes. 12 grams of creatinine by mouth. 

30-40 minutes. Priming infusion: 100 ml. of 12.0 per cent 
inulin in 0.85 per cent saline. 

40 mjnutes-end. Sustaining infusion: 4.5 per cent inulin 
infusion in 0,85 per cent saline at 4.0-4.5 ml. per 
minute. 
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TABLE III 

An experiment showing the effect of a second small dose of 
creatinine on depressed creatinine clearances 

Subject: P. F. Experiment number 7C. 

0 minutes. 13.0 grams creatinine by mouth. 

290-300 minutes. Priming infusion: 100 ml. 12.0 per cent 
inulin in 0.85 per cent saline. 

300-371 minutes. Sustaining infusion: 4.5 per cent inulin 
in 0.85 per cent saline at 4.0-4.5 ml. per minute. 

371-381 minutes. Priming infusion: 100 ml. 4.5 per cent 
inulin, 3.0 per cent creatinine in 0.85 per cent saline. 

381 minutes-end. Sustaining infusion 4.5 per cent inulin, 
0.8 per cent creatinine in 0.85 per cent saline at 4.0- 
4.5 ml. per minute. 
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In Figures 2 and 3 we have plotted the indi- 
vidual clearance ratios of the initial periods which 
serve as controls in the experiments presented in 
Figures 4 and S. These show the variations to 
be expected in the creatinine/inulin clearance ratio 
in three short consecutive periods. This is usually 
less than rfc 5.0 per cent of the mean. The ab- 
solute values of the ratios have much the same 
distribution as those we have previously reported 
(1, 2). The data contained in these figures in- 
dicate that the mode of administration, i.e,, intra- 
venously or per os, is not a determining factor in 
the absolute magnitude of the initial ratios. The 
lack of systematic variation permits the use of 
the mean of the initial ratios as a standard of 
reference for the study of subsequent change in 
the system. 

Typical experiments which examine the change 
in the tubular excretion of creatinine with time 
are given in Tables I and II ; a graphical summary 
of all experiments in Figures 4 and 5. We have 
taken the creatinine/inulin clearance ratio —1.0 
as the measure of tubular activity in these figures. 
Each point is the mean of three experimental 
periods and is plotted as the fraction of the initial 
or control level of activity. Figure 4 shows that, 
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30 60 

Administration 


Figs. 2 and 3. Creatinine/Inulin Clearance Ratios Observed Shortly After 

the Administration of Creatinine 

Each point is an experimental observation; the three periods in each experiment are 
connected by lines. In the experiments illustrated by Figure 2, a single dose of 
creatinine (10 to 13 grams) was administered by mouth; in those of Figure 3, a 
smaller amount (3.0 grams) was given intravenously and the plasma concentration 
maintained by a constant intravenous infusion. The plasma concentrations in both 
types of experiments were essentially the same. 


when the plasma creatinine concentration is main- 
tained by a constant intravenous infusion, there 
may be no marked depression of tubular activity 
as the experiment progresses. 3 However, in those 
experiments where the creatinine was adminis- 
tered in a single oral dose, the depression, though 
variable, is quite definite. The detailed data in- 
dicate that the extent of this fall is not correlated 
with the absolute value of the initial ratio. 

Our experiments do not reveal the maximal de- 
pression of tubular activity that may be expected, 
since practical considerations limit the duration 
of observation. Five hours after the oral ad- 
ministration of 13 grams of creatinine the plasma 
concentration in a normal man of average size is 
usually 5.0 to 7.0 mgm. per cent. At this time 

- The errors inherent in the evaluation of this type of 
renal tubular activity are too great to permit a more 
precise description of the changes in activity we have ob- 
served. These figures ( i.c., 4 and 5) indicate first, a defi- 
nite change in activity in the experiments where creatinine 
was given in a single oral dose, and secondly, that this 
change was greater than when creatinine was given by 
constant intravenous infusion. They do not permit the 
conclusion that no change takes place in the latter case. 


we have observed ratios varying from 1.11 to 1-24 
(see control ratios. Figure 6). Eight hours after 
a large single intravenous injection the ratio is in 
the same range ( cf . 1, Figures 1 and 2). From 
this we are inclined to believe that, when there is 
a moderate concentration of creatinine in the 
blood, it is unlikely that the ratio will fall to 1.0» 
i.e., that all tubular excretion of creatinine wi 


cease. 

After the creatinine/inulin clearance ratio i as 
fallen, a second dose of creatinine usually elevates 
it to or towards the level characteristic of im t,a 
observations. Table III gives the details of one 
such experiment, while six are summarize 
graphically in Figure 6. It may be important that 
in two of the experiments the first period a ter 
creatinine seems significantly higher than su se 
quent ones; in these two it is actually higher t 
that observed initially in other experiments ( se 
J. H., Figures 2, 3, 6). When there has been n 
depression in the ratio, a second dose of creatifl 
does not disturb the system. These negative e-'^ 
periments need no special presentation. ^ 
plasma concentrations in this group of ex P er 



TUBULAR EXCRETION OF CREATININE — SUBSEQUENJ/'TNITtAL 


RENAL TUBULAR EXCRETION OF CREATININE 


173 



0 1.0 2.0 3.0 40 50 


HOURS AFTER BEGINING OF INITIAL 
PERIOD 

Figs. 4 and 5. The Change in Tubular Excretion 
of Creatinine Related to the Duration of the 
Observations 

Figure 4 illustrates those experiments where the plasma 
concentration was maintained by a constant intravenous 
infusion of creatinine; Figure 5, those where a single 
dose of creatinine was administered by mouth. 

Each point is the mean of a group of three short ex- 
perimental periods which expresses the state of tubular 
activity at that time as the fraction of that observed ini- 
tially. To better indicate the duration of the experi- 
ments, zero in the time scale is taken as the mid-point 
of the first period; the mean of the second group is 
plotted as the mid-point of the second group of periods, 
while the mean of the third group is plotted at the mid- 
point of the last period. The reader is referred to 
the text (p. 171) and to Tables I and II for further 
explanation. 

ments are given in the legend of Figure 6. It will 
be noted that the plasma concentrations are suf- 
ficiently high to obviate any serious error from 
the endogenous chromogenic material. 

On the presence of a phosphocreatine-like sub- 
stance in the plasma after the administration of 
creatinine in man , In three experiments we have 
examined the plasma for the presence or absence 
of labile organic phosphate, 1, 2, and 3 hours 
after the oral administration of 10 grams of 
creatinine. In no sample was there evidence of 


such a substance. Nor was there any systematic 
change in the concentration of plasma inorganic 
phosphate. 

DISCUSSION 

We reaffirm the curvilinear relationship between 
plasma creatinine concentration and its renal ex- 
cretion and the independent nature of such evi- 
dence in demonstrating the active participation of 
the renal tubules in the excretion of this sub- 
stance. Although such a relationship is not essen- 
tial in theory, it has been demonstrated in every 
system of renal tubular excretion where adequate 
examination has been made. Furthermore, where 



0 30 60 

MINUTES AFTER SECOND 

DOSE OF CREATININE 


Fig. 6. The Effect of a Second Dose of Creatinine 
on the Depressed Creatinine/Inulin Clearance 
Ratio 

The control values (zero time) are the means of three 
experimental periods obtained approximately 5 hours 
after the oral administration of 13 grams of creatinine. 
Subsequent points in each experiment are individual 
clearance ratios observed (at times indicated by the ab- 
scissa) after a small intravenous injection of creatinine. 
The change in plasma concentration (mgm. per cent) 
rom the first group of periods to the second is given 
by the following mean values: P.F., 4 0->1720* 
8.60 -*20.6; B.L., 7.60 -*21.3; J.H, 4.9 ->16.0; 5.2 -> 
14.3 ; R.D., 6.9 — > 15.3. 
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such a relationship has been described there is no 
evidence to controvert the presence of a process 
of tubular excretion (13). It is true that to 
demonstrate this relationship in the case of 
creatinine, plasma concentrations in excess of the 
physiological range are essential. However, the 
quantitative relationships which produce such a 
situation in no way diminish the forcefulness of 
the argument. 

The origin of this curvilinear relationship is 
probably similar to that observed in other systems 
of renal tubular transfer; i.e., it is due to an in- 
ternal cellular limitation which manifests itself in 
a maximal rate of transfer (13). This possibility 
is somewhat strengthened by the observation that 
a maximal rate characterizes the tubular excretion 
of creatinine in the dogfish (14) and the chicken 
(4), and seems likely to be present in the aglomer- 
ular toadfish (15). In man, although the data 
are consonant with such a concept (cf. 1, Figure 
5), the complications which serve as a basis for 
this report make its establishment and accurate 
evaluation difficult. 

It is the process of tubular excretion itself, or 
the circumstances which may affect it, that must 
be examined for an explanation of the changes in 
the creatinine clearance not related to plasma con- 
centration. Among the more obvious possibilities 
which may be responsible for this phenomenon 
are the following: ( 1 ) The mechanism of transfer 
might become “ fatigued ” incident to the con- 
tinued presence of a high plasma creatinine. This 
impairment would express itself in an inability of 
the tubular mechanism to continue the transfer of 
creatinine with the same facility as was observed 
initially. (2) A process of adaptation or accom- 
modation to the high plasma concentration might 
also produce the same result. In this view, es- 
sentially that of Miller and Winkler (18), little or 
no activity of the mechanism at endogenous plasma 
concentrations would be replaced for a time by a 
relatively high degree of activity on the presenta- 
tion of a sudden increment in plasma concentra- 
tion; this activity subsequently diminishing with 
simple maintenance of the elevated level. (3) 
The nature of the circulating creatinine might 
differ at endogenous levels, immediately after ad- 
ministration and sometime later. In this view, 
the renal mechanism itself would not be respon- 
sible for the apparent change in its activity. 


The expression " fatigue ” is used in the chem- 
ico-physiological sense. That is, accompanying 
activity of a system there occurs an expenditure 
or dissipation of some prerequisite for normal 
activity, or the accumulation of some substance as 
the result of activity which in itself impairs the 
subsequent working of the system. Physiological 
properties such as accommodation or adaptation 
are less easy to define in terms that would have 
any meaning in relation to a mechanism respon- 
sible for the tubular excretion of a substance. 
However, in the systems examined up to the 
present time, including those responsible for the 
transfer of creatinine in the aglomerular toadfish, 
dogfish and chicken, there is no evidence to indi- 
cate the presence of anj' of these properties. Nor 
do our present results indicate that they are con- 
tained in the system under examination. The 
restoration of the depressed tubular excretion 
toward the initial level by a second dose of creati- 
nine, and the maintenance of essentially full ac- 
tivity 2 in the experiments where the plasma con- 
centration was maintained by constant intravenous 
infusion seem to dismiss these possibilities. 

Our results would be consonant with the view- 
point that a derivative of creatinine is formed sub- 
sequent to its administration to man. It is pre- 
sumed that such a substance would react in plasma 
filtrates to ordinary chemical methods as does 
creatinine itself, but would be handled less ef- 
ficiently by the mechanism of tubular transfer 
than the parent substance. 3 This type of change 
would be quantitatively more important in those 
experiments where a single oral dose is given than 
in those where the plasma concentration is sus- 

3 It is impossible to state how large a portion of the 
creatinine would have to undergo the change we suggest. 
If the material is simply handled less efficiently bj t e 
tubules, or not at all, it would be expected in the plasma 
in proportion to the lowering of tubular excretion, t.c., 

3 hours after creatinine by mouth it would make up 
a minimum of SO per cent of the total analyzed C0I ' C ^' 
tration. On the other hand, it might act in a wholly 
different fashion. In terms of our conception o ® 
cellular limitations in such systems of transfer (cf., 
p. 81), it could have a high affinity for the cellular ele- 
ment of the system and a slow rate of dissociation in 
the second reaction. In this case, minimal plasma co 
centrations would have a marked depressing effect 
tubular excretion. If the latter is the case, it P oses 
almost unsolvable problem, since material pro ucmg 
effect need not have the chemical properties of creatin 
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tained by a constant intravenous infusion. In the 
former the creatinine would be exposed to this 
change for a longer duration of time. 

The indirect nature of our evidence permits no 
more than a tentative suggestion that this may be 
the case. It is true that the body is capable of 
performing chemical operations on creatinine as 
evidenced by its incomplete recover}' after ad- 
ministration (16). This experimental fact ac- 
quires added significance from the demonstration 
that this loss is not due to simple hydration to 
creatine (17). But there is no evidence that this 
loss is connected with the formation of a sub- 
stance which conditions the tubular excretion of 
creatinine. The type of compound described by 
Abdon (10), i.c., a labile compound containing 
phosphoric acid appearing in the plasma subse- 
quent to creatinine administration, would satisfy 
the requirements of our experiments. We have, 
however, been unable to confirm Abdon’s findings 
There are two lines of evidence — one experi- 
mental, the other chemical — which are in conflict 
with our interpretation. These would place the 
site responsible for the changing tubular excretion 
locally in the tubular mechanism itself. Indi- 
viduals with renal insufficiency severe enough to 
cause creatinine retention are stated to have, con- 
trary to the normal, a high creatinine/inulin clear- 
ance ratio at endogenous plasma concentrations 
(18) and, subsequent to creatinine administration, 
to show no depression in creatinine clearance re- 
lated to the duration of observation (19). The 
high ratios observed in this type of patient are not 
comparable to the normal, since the absolute rate 
of glomerular filtration has suffered a marked 
reduction. The lack of elevation in the ratio on 
the administration of creatinine seems the ex- 
ception rather than the rule. The experimental 
data available do not justify the conclusion that, 
contrary to the normal, after the administra- 
tion of creatinine no change in tubular excre- 
tion takes place which may be related to the 
duration of the experiment. In eight of the 
twelve experiments which are purported to demon- 
strate this (19), there was a fall in the absolute 
value of the creatinine clearance. Although the 
creatiriine/sucrose clearance ratios were more or 
less constant in those where it was observed, the 
sucrose clearances were far too erratic to permit 
their use as an adequate standard of reference. 


The second point of conflict stems from a care- 
ful study of the chemical nature of plasma creati- 
nine based upon what seems to be a specific en- 
zymatic method of analysis (20). This method 
does not disclose a significant amount of non- 
creatinine Jaff e-reacting material in plasma fil- 
trates derived from normal man either before or 
after the administration of creatinine (18, 20). 
It may be that the study of rates of reaction with 
this method rather than simple destruction or non- 
destruction of chromogenic material would aid in 
the solution of this conflict. 3 

SUMMARY 

The process responsible for the renal tubular 
excretion of creatinine in normal man has been re- 
examined. In order to isolate the tubular process 
for examination, glomerular filtration rate has 
been measured simultaneously with the observa- 
tions on creatinine excretion. 

1. We reaffirm the dependent curvilinear rela- 
tionship between plasma concentration and the 
tubular excretion of this substance. 

2. We confirm the fact that after the oral ad- 
ministration of a dose of creatinine (13 grams) 
the initially high clearance falls progressively with 
time. 

3. If, after this fall, a second dose of creatinine 
is administered, tubular excretion is raised to or 
toward the initial level of activity. 

4. When the plasma concentration is maintained 
by the constant intravenous infusion of creatinine, 
tubular excretion is usually maintained at a level 
close to that observed initially. 

5. It is tentatively suggested that the phenom- 
ena described under 2 and 3 are not due to a 
change in the renal tubular mechanism itself, but 
rather that, subsequent to its entry into the body, 
some of the creatinine undergoes a change which 
makes it less readily transferable by the tubular 
mechanism. 
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Hemoglobinuria is a striking feature of several 
hemolytic disorders, such as blackwater fever, the 
various paroxysmal hemoglobinurias, and certain 
types of acute hemolytic anemia. Available in- 
formation indicates that hemoglobinuria in these 
conditions results from intravascular hemolysis 
with liberation of hemoglobin into the plasma. 

Quantitative studies of the plasma and urine 
hemoglobin and of pigments derived from hemo- 
globin have been made recently in this laboratory 
on several patients with hemoglobinuria. It was 
thought that comparison of the findings in normal 
individuals in whom hemoglobinemia and hemo- 
globinuria were induced by intravenous injections 
of hemoglobin solutions, together with the findings 
in clinical cases showing hemoglobinuria, might 
clarify certain aspects of these clinical problems. 

Sellards and Minot (1), Duesberg (2), and 
Ottenberg and Fox (3) have demonstrated that 
small amounts of stroma-free solutions of human 
hemoglobin may be injected in man without seri- 
ous toxic reactions. The findings of these authors 
will be discussed below. 

METHODS 

Preparation and injection of hemoglobin solutions. 
The hemoglobin solutions were prepared essentially as 
described by Sellards and Minot (1) and by Ottenberg 
and Fox (3). In some instances “bank” blood, dis- 
carded for intravenous use ten days after collection, was 
used as the source of hemoglobin without regard to the 
blood group ; when this was not available, fresh blood 
was collected, using sodium citrate as the anticoagulant. 
The cells were washed three times with physiological 
saline, then laked with four volumes of fresh distilled 
water maintained at approximately 37° C. for one hour, 
with frequent shaking. An amount of freshly prepared 
18 per cent saline solution equivalent to of the volume 
of hemoglobin solution was added with resultant clouding, 
apparently due to aggregation of stromata. The solution 
was centrifuged for an hour and the clear supernatant 
fluid carefully removed and filtered through a Seitz filter 
to remove micro-organisms and remaining stromata (3) ; 


then it was inspected for cloudiness or particulate matter 
and a culture in broth was made to ascertain its sterility. 
As noted previously (3), the solution, after centrifuging 
and before filtering through the Seitz filter, would re- 
peatedly show further clouding on addition of a few 
more drops of the hypertonic saline solution. However, 
after filtration through the Seitz filter, clouding with 
additional saline no longer occurred. Passage through 
the Seitz filter was extremely slow; accordingly, when 
the larger volumes were prepared, the solutions were first 
filtered without sterilizing the apparatus, and the filter 
pad was changed as filtration became slowed. The entire 
amount was then passed again through a sterilized Seitz 
filter. The concentration of hemoglobin in the solution 
was measured by the Evelyn method. 

From 20 cc. to 280 cc. of the solution were injected 
into an antecubital vein at the rate of approximately 20 
to 30 cc. per minute. Before injection of the larger vol- 
umes of hemoglobin solutions the subject’s urine was 
made alkaline by oral administration of sodium bicar- 
bonate and was maintained alkaline throughout the period 
of hemoglobinuria. A glass of water was taken approxi- 
mately every hour in addition to the fluid of meals. 
These precautions against possible kidney damage due to 
hemoglobin products are based on the observations of 
Baker and Dodds (4) and others. 

Chemical methods. Venous blood was drawn as sug- 
gested by Ham (5) with a sterile syringe and needle 
which had been rinsed several times with sterile physi- 
ological saline solution. The blood was transferred to a 
tube containing a volume of 3 per cent sodium citrate 
solution equivalent to 10 per cent of the volume of blood, 
and gently mixed. The sample was centrifuged immedi- 
ately and the plasma separated with care to avoid any 
contamination with red cells. The hematocrit value was 
measured on a blood sample using oxalate mixture as 
the anticoagulant (6). The dilution of the plasma by 
the citrate solution was calculated and the plasma hemo- 
globin and bilirubin values were corrected accordingly. 

The concentration of hemoglobin in the plasma and 
urine was measured by the benzidine method essentially 
as described by Bing and Baker (7, 8). The stock 
hemoglobin solution used by Bing and Baker is not 
stable. A fresh hemoglobin standard was made daily 
by diluting 0.5 cc. of blood of normal hemoglobin con- 
centration to 2000 cc. with distilled water. The hemo- 
globin concentration of the blood was measured with 
the Evelyn colorimeter (9). Control plasmas were di- 
luted one to 10 with water and 1.0 cc. was taken for 
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INTRAVENOUS .I'NJECTIONS OF HEMOGLOBIN IN NORMAL SUBJECTS. 



Fig. 1. The Hemoglobin and Bilirubin Concentrations of the Plasma, and the Hemoglobin and 
Albumin Excretion in the Urine Following Intravenous Injections of Solutions of Hemoglobin in 
Normal Subjects 

The experiment number is given at the top of each diagram; each experiment was made in a different 
subject. 
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analysis. Appropriately smaller amounts of a one to 10 
dilution were used for plasmas of moderate hemoglobin 
concentration. A one to 50 dilution was made of plasmas 
with 200 mgm. or more of hemoglobin per 100 cc. The 
hemoglobin standards were made from 0.1, 0.2, and 0.5 
cc of the standard hemoglobin solution so that the un- 
knowns could be read in the colorimeter against a stand- 
ard which closely matched. Samples of 0.1 cc. of un- 
diluted urine, or 0.1 cc. of a diluted urine equivalent to 
approximately 5 mgm, per 100 cc., were used. This 
amount of an undiluted urine with high specific gravity 
precipitates some of the benzidine reagent and probably 
introduces a slight inaccuracy; if amounts of urine are 
chosen to read against the low standard, no precipitation 
occurs except in urines of very low hemoglobin concen- 
tration, which cannot be diluted. Appropriate amounts 
of water are added to the tubes containing 2 cc. of benzi- 
dine reagent to make the total of the unknown or stand- 
ard hemoglobin samples plus water up to 1 cc. 

The bilirubin concentration of the plasma was meas- 
ured by the method of Malloy and Evelyn (10), using the 
Evelyn colorimeter- It was noted repeatedly that the 
bilirubin value obtained immediately after the hemoglobin 
injection was appreciably lower than that of the control 
blood, suggesting that the presence of hemoglobin inter- 
fered with the bilirubin measurement. Accordingly, he- 
moglobin solutions were added to normal plasma samples 
to give various final concentrations of hemoglobin and 
the effect on the bilirubin was measured. The bilirubin 
values were corrected for the 10 per cent dilution caused 
by the addition of the hemoglobin solution. The values 
obtained when the concentration of hemoglobin in the 
plasma was 30 mgm. per 100 cc., or over, were appreci- 
ably lower than those of the hemoglobin-free plasma 
(Table I). Consequently, the values for bilirubin ob- 
tained on plasma samples containing 30 mgm. of hemo- 
globin, or over, have been discarded except in one in- 
stance (Figure 1, Experiment 9). 

The urea clearance was measured by the method of 
Van Slyke, Page, Hiller, and Kirk (11). The “urea 
plus ammonia” nitrogen was measured after urease ac- 
tion by the aeration method. 

Urine “ albumin ” was measured quantitatively by de- 
termining the total amount of protein precipitated by 
trichloracetic acid and subtracting from this the amount 
of hemoglobin as determined by the benzidine method. 
The method utilized to measure the total concentration 
of protein was as follows: In a weighed centrifuge tube 
the protein of 5 cc. of urine was precipitated with 5 cc. 
of 20 per cent trichloracetic acid. The mixture was al- 
lowed to stand overnight and was then centrifuged at 
high speed. The supernatant fluid was decanted as com- 
pletely as possible. Ten cc. of 10 per cent trichloracetic 
acid was added to the precipitate, the mixture was stirred 
well and allowed to stand a few hours. The mixture 
was again centrifuged and the supernatant fluid was 
decanted. The tube was wiped clean on the outside, 
dried in the oven at 100° C. overnight and weighed after 
cooling in the desiccator. The weight of the precipitate 


TABLE I 


Effect of hemolysis on plasma bilirubin values obtained by 
the Malloy and Evelyn method (JO) 


Experi- 

ment 

num- 

ber 

Control 

plasma 

Final hemoglobin concentration of 
plasma after adding hemoglobin 

12 mgm. 
per 100 cc. 

30 mgm. 
per 100 cc. 

60 mgm. 
per 100 cc. 

120 mgm. 
per 100 cc. 


Bilirubin 

Bilirubin 

Bilirubin 

Bilirubin j 

Bilirubin 


m gin. per 

mgm. per 

mgm. per 

mgm. per 

mgm. Per 


tOO cc. 

tOO cc. 

tOO cc. 

100 cc. 

100 cc. 

1 

0.69 

0.69 




2 

0.83 

1 0.87 


\ 


3 

0.18 


0.17 

j 0.21 


4 

0.20 


; 0.18 

1 0,19 


5 

0.49 


0.35 

0.31 


6 

0,84 


0.67 

0.69 


7 

0.92 



0.63 

0.58 


was multiplied by 20 to give the concentration of total 
protein in 100 cc. of urine. Experiments with solutions 
of known hemoglobin concentration and of known al- 
bumin concentration gave satisfactory results with this 
simple method. Acetic acid and tungstic acid precipita- 
tions were tried with very unsatisfactory precipitation 
of protein in urines containing hemoglobin and very 
little albumin. 

Spectroscopic examinations of plasma and urine were 
made with a Zeiss hand spectroscope. In one instance 
spectrophotometric examination of the urine was made 
with a Konig-Martens type of spectrophotometer. 

RESULTS 

Fifteen intravenous injections of hemoglobin 
solutions, varying in volume from 20 to 280 cc, 
and in total hemoglobin content from 1.3 to 16.4 
grams, were made. Ten injections were made in 
subjects who may be considered normal for the 
purposes of this study, four were made in pa- 
tients with congestive heart failure and albu- 
minuria, and one in a subject with carcinoma of 
the colon with metastases to the liver and a blood 
hemoglobin level of 40 per cent. 

In twelve instances there were no febrile or 
other untoward reactions. One subject (Figure 
2, Experiment 14) with bronchial asthma and 
congestive heart failure experienced transitory 
chills and fever after receiving 35 cc. of hemo- 
globin solution containing 1.9 grams of hemo- 
globin. In the two subjects (Figure 1, Experi- 
ments 9 and 10) in whom the largest amounts of 
hemoglobin were injected, i.e., 10 grams and 16 
grams, severe abdominal cramps with vomiting 
and visible peristalsis were experienced, coming 
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INTRAVENOUS HEMOGLOBIN INJECTIONS IN SUBJECTS Y/ITH CONGESTIVE HEART FAILURE 

AND ALBUMINURIA 

100 


poo 

Plasma Hemoglobin 
mgm. per I00c.c- 50 


Plasma Bilirubin 
mgm.per lOOc.c. 


12 

1.0 

-erSr 


Urine Hemoglobin 
and 

Urine Albumin 


II. 

Hgb-Inj.-I.4gm. 


/ 


Hgb.= I mgm. 
Alb. +t 


90 


0 

12 

1.0 

0.6 


0 2 4 

Hours after 
Injection- 




HEMOGLOBIN INJECTION IN SUBJECT WITH CARCINOMA, 
LIVER METASTASES AND ANEMIA. 


Plosma Hemoglobin 
mgm. per I00e.c. 


Plosma Bilirubin 
mgm.per lOOc.c. 

Urine Hemoglobin 
ond 

Urine Albumin 



0 2 4 6 8 

Fig. 2. The Hemoglobin and Bilirubin Concentrations of the Plasma, and the Hemoglobin and Al- 
bumin Excretion in the Urine Following Intravenous Injections of Solutions of Hemoglobin in Pa- 
tients with Congestive Heart Failure, and in a Case with Carcinoma, Liver Metastases and Anemia 

The experiment number is given at the top of each diagram; Experiments 11 and 12 were made in the same 
subject. 


on about forty minutes after the injections and 
relieved immediately by calcium chloride given 
intravenously; the second subject, who received 16 
grams of hemoglobin, had a moderate chill pre- 
ceding the onset of the abdominal cramps, pains 
in the legs, and slight fever lasting for fifteen 
hours. 

Hemoglobivemia 

The plasma hemoglobin was elevated by the in- 
jection of the hemoglobin solutions to values of 
40 to 380 mgm. per 100 cc. (Figures 1 and 2). 
When levels of 40 to 60 mgm. of hemoglobin per 
100 cc. were induced, approximately five hours 
were required for the plasma to be cleared of 
hemoglobin; with levels of 150 to 225 mgm. per 
100 cc., about eight hours were required for clear- 
ing. In two studies in which levels of 280 and 


380 mgm. of hemoglobin per 100 cc. of plasma 
were induced, the plasma hemoglobin did not reach 
normal for approximately twelve hours. 

The curves representing removal of hemoglobin 
from the plasma show a more rapid rate of fall 
at the higher hemoglobin levels (Figures 1 and 2). 
Although there is considerable variation in dif- 
ferent experiments, calculation of the average 
rate of drop at varying levels of plasma hemo- 
globin is of interest. The data of Ottenberg and 
Fox (3), as well as the data of this paper, have 
been utilized for this estimation (Table II) ; ^ lC 
averages of the two sets of data agree closely . 
Whereas the average rate of decline of plasma 
hemoglobin from 50 mgm. to 10 mgm. per 100 cc. 
is only 10 mgm. per 100 cc. per hour, the average 
rate of fall from approximately 250 to 150 mgm- 
per 100 cc. is 47 mgm. per 100 cc. per hour 
(Figure 3). 
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TABLE II 

Average rate of disappearance of hemoglobin from the plasma 
at various hemoglobin levels 


Author 


Gilligan ct al* 

Ottenberg and Fox** . . 
Average 

Gilligan et al 

Ottenberg and Fox. . . . 
Average : . . . 

Gilligan et al 

Ottenberg and Fox 

Average 


Plasma 


Average 


hemoglobin 

Aver- 

rate of 

Num- 



age 

fall of 

ber of 



mid- 

plasma 

stud- 

High 

Low 

point 

hcmo~ 

ies 

level 

level 


globin 


mgm . per 

mgm . 

ter 

mgm . 

per 

mgm . ter 
100 cc . 
per hour 


100 cc . 

too 

cc . 

100 

cc . 


50 

10 

30 

10 

8 

50 

10 

30 

10 

5 



30 

10 


132-150 

50 

98 

29 

8 

150 

50 

100 

27 | 

7 



99 

28 | 


212-295 

150 

202 

49 

4 

202-288 

150 

201 

46 

8 

! 


201 

47 ! 



* Data of this paper. 

** Data of Ottenberg and Fox (3). 


Hemoglobinuria 

In three normal subjects and in one patient with 
carcinoma and anemia in whom plasma levels of 
from 60 to 135 mgm. per 100 cc. were induced, 
no hemoglobin appeared in the urine (Figures 1 
and 2). Hemoglobinuria occurred in seven cases 
in which the plasma hemoglobin levels after in- 
jection were 135 to 380 mgm. per 100 cc. The 
amounts of hemoglobin excreted in the urine were 
roughly proportional to the height of the plasma 
hemoglobin following injection. In Experiment 
3, in which the plasma hemoglobin after injection 
was 135 mgm. per 100 cc., hemoglobin appeared 
only in the urine specimen voided one-half hour 
after injection and the total amount excreted was 
only 0.003 gram ; in Experiment 10, in which the 
plasma hemoglobin was 380 mgm. per 100 cc. 
after injection, 1.6 grams of hemoglobin were ex- 
creted in the urine during the first ten hours after 
injection. 

In three cases with congestive heart failure and 
albuminuria small amounts of hemoglobin were 
excreted after injections which produced plasma 
levels of only 38 to 49 mgm. of hemoglobin per 
100 cc. (Figure 2). (The albumin concentra- 
tions in the urine before injection were 0.1 to 0.4 
gram per cent.) The total amount of hemoglobin 
excreted was 0.001 gram to 0.012 gram. In one 
of these cases (Experiment 13) a distinctly red- 



50 100 150 200 

Plasma Hemoglobin Level 


mgm. per 100 c ; c. 

Fig. 3. Average Rate of Decrease of the Hemo- 
globin Concentration of the Plasma at Varying 
Levels of Plasma Hemoglobin Following Intra- 
venous Injections of Hemoglobin Solutions 

The data from which this curve has been constructed 
are given in Table II. 

dish tint was present in small amounts of urine 
voided one-half, and one and one-quarter hours 
after injection. These urine specimens contained 
16 and 11 mgm. of hemoglobin per 100 cc., re- 
spectively. In the two other cases the urine con- 
tained 3 and 5 mgm. of hemoglobin per 100 cc. ; 
these specimens were not obviously discolored. 
In one of these patients a second injection of 
hemoglobin inducing a plasma level of 42 mgm. 
per 100 cc. failed to produce hemoglobinuria (Fig- 
ure 2, Experiment 12) ; at this time cardiac de- 
compensation was less severe and the urine albu- 
min was only 0.02 gram per cent before injection. 

Spectroscopic examination of fresh urines with 
the hand spectroscope revealed only oxyhemo- 
globin. No precipitated hemoglobin products 
were found. A spectrophotometric 1 examination 
of one fresh urine which was acid when voided 
revealed a point of maximum absorption at 576 
m/t, which corresponds with the alpha band of oxy- 
hemoglobin (12). In addition, there was a very 

1 This spectrophotometric examination was performed 
by Dr. John F. Taylor of the Department of Biological 
Chemistry of the Harvard Medical School. 
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faint point of absorption at 630 m/x, indicating the 
presence of an appreciable amount of methemo- 
globin (12). 

Albuminuria 

Quantitative studies of the total protein of the 
urine were made as described above. When hemo- 
globin was present in the urine, the amount of 
hemoglobin as measured by the benzidine method 
was subtracted from the total amount of protein 
and the remaining protein was considered to be 
chiefly albumin. The positive identification of 
this protein as albumin was not accomplished be- 
cause of the large amount of material required 
and the difficulty of the procedure of identification. 

No albumin appeared in the urine of the normal 
subjects who received insufficient amounts of 
hemoglobin to cause hemoglobinuria. In normal 
subjects receiving amounts of hemoglobin suf- 
ficient to cause hemoglobinuria the “ albumin ” ex- 
cretion was variable. In one subject (Experi- 
ment 6), in whom a total of 0.87 gram of hemo- 
globin was excreted in the urine during the first 
three hours after injection, there was no albu- 
minuria, the total protein excretion being the same, 
within experimental error, as the hemoglobin ex- 
cretion. In another case (Experiment 10), the 
total amount of protein was 6.2 grams, 1.6 grams 
of which were hemoglobin and 4.6 grams presum- 
ably albumin. In the other five normal subjects 
who showed hemoglobinuria (Figure 1), the total 
amount of “ albumin ” excreted was approximately 
equal to, or somewhat less than, the total amount 
of hemoglobin excreted. When “ albumin ” was 
present in the urine it usually continued to be 
excreted in concentrations of 10 to 50 mgm. per 
100 cc. of urine for one-half to one hour after 
hemoglobinuria ceased. 

Bilirubinemia 

The plasma bilirubin increased after injection 
of hemoglobin in every instance (Figures 1 and 
2). In normal subjects, injections inducing 
plasma hemoglobin levels of 60 to 130 mgm. per 
100 cc. caused an increase in bilirubin during the 
six to eight hours after injection of only 0.1 to 
0.2 mgm. per 100 cc. of plasma over the control 
values. In studies in which the plasma hemo- 
globin was elevated to 150 to 230 mgm. per 100 
cc. the bilirubin increased 0.4 to 0.5 mgm. per 100 


cc. of plasma and, after two injections in which 
hemoglobin levels of 280 and 380 mgm. per 100 
cc. were induced, the bilirubin increases amounted 
to 0.6 and 1.1 mgm. per 100 cc., respectively. 

In the tliree subjects with congestive heart 
failure and in the patient with carcinoma and 
anemia, hemoglobin injections which induced 
plasma hemoglobin levels of only 40 to 60 mgm. 
per 100 cc. caused bilirubin increases of 0.2 to 
0.4 mgm. per 100 cc. of plasma (Figure 2). 

The plasma bilirubin appeared to return to the 
control value a few hours after the hemoglobin 
disappeared from the plasma in studies in which 
the smaller amounts of hemoglobin were injected 
(Figure 1). In Experiment 10 the plasma bili- 
rubin rose from a control level of 0.2 mgm. to 
1.3 mgm. per 100 cc. ten hours after the injection 
of 16 grams of hemoglobin. The plasma hemo- 
globin level ten hours after the injection was still 
elevated to 28 mgm. per 100 cc. so that, presum- 
ably, the bilirubin may have increased slightly 
further in the next two hours. Twenty-four 
hours after the injection the bilirubin level had 
fallen to 0.9 mgm. per 100 cc. 

Kidney function 

Examination of the urinary sediment during 
periods of hemoglobinuria revealed nothing ab- 
normal ; no hemosiderin, hemoglobin casts or other 
precipitated hemoglobin products were found on 
examination of fresh urines. “ Albuminuria, as 
mentioned above, was usually present during the 
period of hemoglobinuria and for approximately 
an hour thereafter. 

None of the patients complained of pains in 
the back or burning on micturition. 

The urea clearance was studied in one case 
(Experiment 7) in which injection of hemoglobin 
induced a plasma hemoglobin level of 212 mgn'- 
per 100 cc. The fluid intake was maintained con 
stant for several hours before and after the m 
jection. The average urea clearance for three 
one-hour periods preceding the injection was 
per cent of normal, and for the first three hours 
following injection, during which a total of 
mgm. of hemoglobin was excreted in the urine, 
the average urea clearance was 76 per cent o 
normal. The average urine volume for the three 
hours before injection was 1.97 cc. per minute, 



INTRAVENOUS HEMOGLOBIN INJECTIONS 


183 


and for the three hours after injection, 1.82 cc. 
per minute. 

Clinical observations 

The body temperature was not affected by the 
hemoglobin injections except in the two instances 
already described in which chills and fever oc- 
curred. There were no symptoms other than the 
untoward reactions already mentioned. The in- 
jections did not cause the spleen and liver to 
become palpable and produced no clinical icterus. 

DISCUSSION 

The total amount of stroma-free hemoglobin 
solution administered in these studies was injected 
intravenously in from one to ten minutes; the 
results obviously would have been quite different 
if the same amounts of hemoglobin were adminis- 
tered by slow intravenous drip. 

Toxic reactions occurred in three of the fifteen 
subjects. In two subjects abdominal cramps with 
vomiting and visible peristalsis, associated in one 
instance with transitory chills and fever, occurred 
following the injections of 10 grams and 16 grams 
of hemoglobin; these gastro-intestinal symptoms 
were relieved immediately by the injection intra- 
venously of a solution of calcium chloride. The 
third subject experiencing a reaction had received 
only 2 grams of hemoglobin, following which 
transitory chills and fever occurred; this patient 
had a history of asthma and other allergic mani- 
festations of thirty years' duration. Sellards and 
Minot (1) observed transitory chills and fever 
after the injection of approximately 10 grams of 
hemoglobin in solution in one normal subject. 
O Shaughnessy (13) observed untoward reac- 
tions, namely chills and fever, pain in the back 
and loins, or sensations of constriction in the chest, 
following the intravenous injection of 10 to 50 
grams of hemoglobin in solution in four patients 
with anemia. Fairley (14) observed nausea and 
fever in one subject after an intravenous injection 
of 21 grams of hemoglobin in solution and no 
untoward reactions in two subjects after injec- 
tions of 14 and 17 grams of hemoglobin. The 
chills and fever, the pains in the back and loins, 
and the feeling of constriction in the chest ex- 
perienced by some subjects after intravenous in- 
jections of 10 grams or more of hemoglobin in 


solution are also noted in transfusion reactions 
and in other clinical hemolytic syndromes (15, 16) 
with or without hemoglobinemia. The immediate 
relief, following the intravenous administration of 
calcium chloride, of the severe abdominal pain, 
vomiting, and visible peristalsis which occurred 
in two subjects of this study suggests that these 
reactions were due to marked spasm of the smooth 
muscle of the gastro-intestinal tract. Similar ab- 
dominal crises occur in several clinical hemolytic 
syndromes (15, 16, 17). The laking of red blood 
cells releases appreciable amounts of a histamine- 
like substance (18) and of potassium (19), either 
one of which may cause constriction of smooth 
muscle. 

Hemoglobinuria did not occur in the normal 
subjects in whom plasma hemoglobin levels of less 
than 135 mgm. per 100 cc. were induced but did 
occur in all instances when levels of 135 to 380 
mgm. per 100 cc. were induced. Always less than 
15 per cent of the injected hemoglobin was ex- 
creted in the urine. Sellards and Minot (1) ob- 
served hemoglobinuria in some normal subjects in 
whom amounts of hemoglobin presumably suf- 
ficient to induce plasma hemoglobin levels of ap- 
proximately 150 to 300 mgm, per 100 cc. were 
injected, whereas hemoglobinuria did not occur 
after injections of smaller amounts of hemoglobin. 
Ottenberg and Fox (3) observed hemoglobinuria 
in four of eight studies of normal subjects with 
plasma hemoglobin concentrations of 110 to 150 
mgm. per 100 cc. after injections of hemoglobin 
intravenously, and in nine of fifteen studies in 
which plasma levels of 175 to 320 mgm. per 100 
cc. were induced. Thus, hemoglobinuria may oc- 
cur in normal subjects when the plasma hemo- 
globin level is somewhat over 100 mgm. per 100 
cc. but may be absent even at levels of almost 300 
mgm. per 100 cc. Once hemoglobin has appeared 
in the urine, excretion continues in small amounts 
until the plasma hemoglobin level has decreased 
to 30 to 50 mgm. per 100 cc. (Figure 1). 

The mechanism of the urinary excretion of 
hemoglobin is not entirely clear. Lichty, et al 
(20) conclude from experiments in dogs that 
hemoglobin passes the glomerular filter at plasma 
levels (“ the renal threshold ”) considerably below 
those required to cause hemoglobinuria, but that 
the hemoglobin may fail to appear in the bladder 
urine because the filtered hemoglobin is rapidly 
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taken up and, in part at least, deposited within the 
tubular epithelium. When, however, the tubular 
cells become saturated with hemoglobin, hemo- 
globinuria occurs. On the basis of results of 
simultaneous creatinine and hemoglobin clearance 
studies in dogs, Monke and Yuile (21) have sug- 
gested that 3 per cent of the pores of the glomer- 
ular membrane are normally electrostatically large 
enough to permit the passage of an undissociated 
hemoglobin molecule. 

Gersch (22) concluded that temporary renal in- 
jury, causing increased glomerular permeability 
and thereby allowing the filtration of hemoglobin, 
occurs in rabbits following intravenous injections 
of hemoglobin solutions. Hemoglobin, like serum 
albumin, has a molecular weight of 68,000. 2 Ker- 
ridge and Bayliss (23) found that Bence-Jones 
protein and other proteins with molecular weights 
of approximately 35,000 were freely excreted by 
the kidneys of various animals ; “ foreign ” serum 
albumin with molecular weight of 68,000 was not 
excreted and hemoglobin with the same molecular 
weight was excreted in instances when the plasma 
hemoglobin level was high ; “ foreign ” serum 
globulin with molecular weight of 104,000 and 
other proteins with still higher molecular weights 
were not excreted. These authors (23) conclude 
that proteins are excreted by the normal kidney 
according to the physical size of their molecules, 
but that hemoglobin has a peculiar place in this 
scheme. In our study small amounts of hemo- 
globin appeared in the urine at very low plasma 
hemoglobin levels after hemoglobin injections in 
the patients with preexistent glomerular injury 
and albuminuria (Figure 2). Further, it was ob- 
served that protein 3 other than hemoglobin was 


2 Whether hemoglobin may be dissociated into smaller 
molecules in the plasma is open to some question, since 
recent experiments indicate that dissociation may occur 
in dilute solution under certain circumstances (24, 25) ; 
it is presumed, however, that no dissociation occurs in 
the plasma, since studies in dogs have shown that below 
a certain plasma concentration hemoglobin does not filter 
through the glomeruli (20). 

3 Although the nature of this protein was not identified, 
the significance of its presence in the urine in relation to 
glomerular filtration would seem to be the same, whether 
the protein is albumin or a plasma protein derived from 
hemoglobin, since it did not appear in the urine in the 
absence of hemoglobinuria. 


usually excreted in considerable amounts in the 
urine simultaneously with, and for a short time 
following, the excretion of hemoglobin (Figure 
1), whereas no proteinuria was observed in the 
normal subjects who did not develop hemoglobin- 
uria (Figure 1). These findings support the 
theory that hemoglobin appears in the urine only 
when the permeability of the glomerular mem- 
brane is increased. Several investigators have re- 
ported marked spasm of the renal arterioles after 
hemoglobin injections in animals (26, 27, 28); 
ephedrine, which also causes renal arteriolar 
spasm, may give rise to albuminuria (29). Micro- 
scopic examination of the urinary sediment re- 
vealed no abnormalities during hemoglobinuria 
and the urea clearance was not affected. There 
was no evidence that the hemoglobin injections in 
these studies produced any permanent kidney 
damage. Temporary or permanent renal insuf- 
ficiency is observed, on the other hand, in several 
clinical syndromes associated with massive and 
prolonged hemoglobinuria (5, 30, 31). 

As shown in Figure 3, removal of hemoglobin 
from the plasma after intravenous injection of 
this protein is more rapid at the higher concen- 
trations of plasma hemoglobin. The rate of fall 
of plasma hemoglobin during periods of hemo- 
globinuria was dependent only to a small extent on 
the rate of removal by the kidneys ; in Experiment 
10, 10 grams of hemoglobin were removed from 
the plasma during the first five hours after the 
injection and only one gram appeared in the urine. 
The curve of Figure 3 affords a valuable basis of 
comparison by means of which quantitative plasma 
hemoglobin values obtained in patients with vari- 
ous hemolytic syndromes leading to hemoglobi- 
nemia may be utilized to yield information con- 
cerning the amount and rate of intravascular 
hemolysis occurring in these syndromes (30, 32)* 

After injections inducing plasma hemoglobin 
levels of 60 to 130 mgm. per 100 cc., the plasma 
bilirubin showed increases of only 0.1 to 0.2 mgm- 
per 100 cc. However, considerable increases oc 
curred when hemoglobin levels of 150 mgm- P e | 
100 cc., or greater, were induced by injections o 
5 to 16 grams of hemoglobin, demonstrating that 
the rate of production of bilirubin exceeded t 
rate of excretion by the liver. The total amoufl^ 
of bilirubin produced by the breakdown o 
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grams of hemoglobin would be approximately 200 
mgm. That bilirubinemia should occur when this 
amount of hemoglobin is broken down in the 
course of four hours or so is expected, since' in 
the bilirubin tolerance test in normal individuals 
the plasma bilirubin does not return to the control 
level for three or four hours after a single intra- 
venous injection of 50 mgm. of bilirubin (33). 
Duesberg (2) and Fairley (14) have also ob- 
served small increases in plasma bilirubin lasting 
for six to twelve hours after intravenous injec- 
tions of from 3 to 17 grams of hemoglobin in 
normal individuals; in cirrhosis of the liver and 
in cholelithiasis, the bilirubin increases were 
greater (2, 14). In our series, two patients with 
congestive heart failure and one patient with car- 
cinoma with metastases to the liver and anemia 
.showed bilirubin increases approximately twice as 
great as in normal individuals receiving the same 
amounts of hemoglobin. Our data and those of 
Duesberg (2) and Fairley (14) accord. Otten- 
berg and Fox (3) state that they observed no in- 
crease in plasma bilirubin following the injection 
of from 4 to 8 grams of hemoglobin in normal 
individuals. The data showing the degree to 
which the plasma bilirubin increases when varying 
levels of hemoglobinemia are induced in normal 
individuals (Figure 1) afford a basis for esti- 
mating the presence or absence of normal liver 
function in clinical attacks of hemoglobinemia. 

Spectroscopic examination of the plasma and 
of the fresh urine in these cases revealed only 
oxyhemoglobin ; a spectrophotometric examination 
of urine in one case showed mainly oxyhemoglobin 
and a small amount of methemoglobin. Met- 
hemalbumin, which is observed in the plasma of 
clinical cases with prolonged hemoglobinemia (14, 
30), was not observed by spectroscopic or spec- 
trophotometric examination of the plasma of our 
subjects or of Fairley’s subjects (14) after hemo- 
globin injections. The plasma color was always 
hght to darker red, with no brownish discolora- 
tion which occurs in the presence of appreciable 
amounts of methemalbumin (30). It has been 
shown in studies in animals that the character of 
the urinary hemoglobin pigments following intra- 
venous injections of hemoglobin depends on the 
acidity of the urine (4, 34) and on the length of 
time which the urine remains in the bladder (20) . 


That the urine in our cases did not contain hemo- 
globin casts, acid hematin, or sufficient amounts of 
methemoglobin to be detected spectroscopically is 
ascribed to the circumstances that the urines were 
usually kept alkaline during tlie period of hemo- 
globinuria and that they were collected at frequent 
intervals and examined immediately. 

SUMMARY 

Fifteen intravenous injections of stroma-free 
human hemoglobin solutions were made in ten 
normal individuals, in three patients with albu- 
minuria due to congestive heart failure and in one 
patient with carcinoma with metastases to the liver 
and anemia. The amounts of hemoglobin injected 
varied from 1.3 to 16.4 grams; the entire amounts 
were injected in from one to ten minutes. 

There were no untoward reactions in twelve 
cases. Two subjects had chills and fever. One 
of these latter subjects and one additional subject 
had severe abdominal pains; these two subjects 
received the largest amounts of hemoglobin ad- 
ministered. 

The plasma hemoglobin levels after injection 
varied from 40 mgm. per 100 cc. to 380 mgm. per 
100 cc. The rate of decrease of plasma hemo- 
globin concentration was greater at higher hemo- 
globin levels. The average rate of decrease at 
varying levels has been plotted. 

Hemoglobin was excreted in the urine in all the 
normal subjects in whom the plasma hemoglobin 
was elevated above 135 mgm. per 100 cc., and did 
not appear in the urine in normal subjects with 
plasma hemoglobin levels below 135 mgm. per 
100 cc. Once hemoglobin had appeared in the 
urine, hemoglobinuria persisted until the plasma 
hemoglobin had decreased to as low as 30 to 50 
mgm. per 100 cc. 

Small amounts of hemoglobin were excreted 
in the urine of the patients with preexisting al- 
buminuria when the plasma hemoglobin level was 
elevated to only 40 to 50 mgm. per 100 cc. 

In the normal subjects who did not show hemo- 
globinuria there was no proteinuria after injec- 
tion. The concentration of the total protein of 
the urine during hemoglobinuria was usually 
greater than the concentration of hemoglobin and 
proteinuria usually persisted for about an hour 
after cessation of hemoglobinuria. The excretion 
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of this additional protein, and perhaps the excre- 
tion of the hemoglobin itself, indicate temporary 
increased permeability of the glomerular capil- 
laries in the subjects with hemoglobinuria. The 
urea clearance in one subject was the same before 
and during hemoglobinuria. The hemoglobin in- 
jections caused no permanent kidney damage. 
The mechanism of excretion of hemoglobin by the 
kidneys has been discussed. 

The plasma bilirubin increased after the injec- 
tion of hemoglobin solution in every instance. 
The degree of increase varied directly with the 
degree to which the plasma hemoglobin was in- 
creased by the injection. The amount of bili- 
rubin increase after injection of a given amount 
of hemoglobin was somewhat greater in the pa- 
tients with congestive heart failure and the patient 
with carcinoma with metastases to the liver and 
anemia than in the normal subjects. 

The spleen and liver did not become palpable 
after the hemoglobin injections. Except in the 
two cases with chills and fever, the body tempera- 
ture was unaffected. 

Information concerning the pathologic physi- 
ology of certain clinical syndromes associated with 
hemoglobinemia can be obtained by comparison 
of the findings in cases with these syndromes with 
those of the present study. 
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Considerable interest has been aroused recently 
in the investigation of substances which inhibit 
the action of the sulfonamide drugs. Lockwood 
(1) showed that peptones inhibit the action of 
sulfanilamide on streptococci. Stamp (2) iso- 
lated certain fractions of streptococci, and Green 
(3) isolated fractions of brucella, which have 
similar activity with respect to the corresponding 
organisms. West and Cobum (4) showed that 
under certain conditions coenzymes inhibit the 
action of sulfapyridine on staphylococci. Mac- 
Leod (5) found that the action of sulfapyridine 
on the colon bacillus in a synthetic medium can be 
nullified by extracts of certain animal tissues. 
Woods (6) extracted fractions of yeast which 
were capable of overcoming the bacteriostatic ac- 
tion of sulfanilamide on streptococci and on colon 
bacilli. From an analysis of the properties of the 
active extracts he was led to test a series of known 
chemical compounds and found that para-amino- 
benzoic acid had marked inhibitory properties in 
vitro. Selbie (7) supplemented this work by 
demonstrating that mice infected with streptococci 
could not be saved by sulfanilamide if para-amino- 
benzoic acid were administered at the same time. 
The reports of the two last named authors and the 
discussion of their work by Fildes (8) led us to 
undertake studies of some of the properties of 
para-aminobenzoic acid hi vitro and in human 
subjects. In this paper are reported the results 
of observations on the following aspects of these 
studies: ( 1 ) the quantitative relationship between 
the bacteriostatic effect of sulfonamides on the 
pneumococcus and the inhibition of this effect by 
para-aminobenzoic acid; (2) the stages of the ac- 
tion of sulfapyridine on the pneumococcus during 
which inhibition by para-aminobenzoic acid is 
effective; (3) a consideration of the absorption 
and excretion of para-aminobenzoic acid and its 
chemical determination in blood and urine; ( 4 ) 
a comparison of the activity of the urine of human 


subjects following ingestion of para-aminobenzoic 
acid w f ith the activity of this drug when added in 
vitro to normal urine (the bacteriostatic effect of 
sulfathiazole on the colon bacillus was utilized for 
this purpose) ; (5) a study of the effect of oral 
administration of para-aminobenzoic acid on the 
bactericidal power of the blood of subjects re- 
ceiving sulfonamides; and ( 6 ) the effect of para- 
aminobenzoic acid on rashes and fever due to 
sulfonamide toxicity. 

Quantitative relationship between the concentra- 
tion of sulfonamides and the inhibitory con- 
centration of para-aminobenzoic add 

The medium used in this and in the following experi- 
ment was beef infusion broth containing 0.05 per cent 
dextrose and 1 per cent bactopeptone (Difco), to which 
was added 1 per cent defibrinated rabbit blood. Previous 
studies have demonstrated that in this medium sulfapyri- 
dine and sulfathiazole have definite bactericidal action on 
inocula of pneumococci up to several thousand per milli- 
liter. The bactericidal action of sulfapyridine on pneu- 
mococci in this medium is about the same as in defib- 
rinated blood (9). A stock type III pneumococcus (9) 
was used in this and in subsequent experiments. The 
virulence of this strain was maintained by mouse passage 
at weekly intervals. Both the para-aminobenzoic acid 1 
and the sulfonamide drugs 2 (sulfanilamide, sulfapyridine 
and sulfathiazole) were dissolved in plain broth, sterilized 
by heating to 100° C. for 30 minutes, and made up in 
appropriate concentrations by dilution with broth. The 
pneumococci were grown in blood broth for 10 to 12 
hours, diluted in plain broth, and 0.1 ml. of the appro- 
priate dilution was added to 10 ml. amounts of the me- 
dium containing the test drugs to make a final concentra- 
tion of about 50 viable diplococci per milliliter. The 
tubes were incubated at 37° C. and read at 24 and 48 
hours for the presence of visible cloudiness indicating 
growth. 

The results are charted in Figure- 1. Within 
the range studied there was a roughly linear 
relationship between the concentrations of sul- 

1 Chemical grade, obtained from Eastman Kodak 
Company. 

2 Furnished by Lederle Laboratories, Inc. 

189 


/ 



ELIAS STRAUSS, FRANCIS C. LOWELL, AND MAXWELL FINLAND 


190 



Fig. 1. Minimum Concentrations of />-Aminoben- 
zoic Acid Required to Inhibit the Bacteriostatic Ac- 
tion of Various Concentrations of Three Sulfo- 
namide Drugs 

Semi-logarithmic scale. 

fonamides and the minimum concentrations of 
para-aminobenzoic acid required to inhibit their 
bacteriostatic action. The inhibitory effect of 
para-aminobenzoic acid was most marked against 
sulfanilamide, less against sulfapyridine, and least 
against sulfathiazole. For example, the bacterio- 
static action of 10 mgm. per cent of sulfathiazole 
under these conditions was inhibited by 0.04 mgm. 
per cent of />-aminobenzoic acid, whereas the ac- 
tion of similar concentrations of sulfapyridine and 
sulfanilamide was inhibited by 0.02 and 0.004 
mgm. per cent, respectively, of para-aminobenzoic 
acid. These results can, of course, be interpreted 
in terms of the growth-stimulating effect of the 
various concentrations of the latter drug and the 
greater pow.er of sulfathiazole to overcome this 
effect. Such an explanation was offered by Lock- 
wood for the inhibitory action of peptone (1). 
The next experiment suggests that this interpreta- 
tion is probably not justified. 


The stages of sulfapyridine action during which 
para-aminobenzoic acid inhibition is effective 

It was shown in the preceding experiment that 1.0 
mgm. per cent of />-aminobenzoic acid inhibited the action 
of sulfapyridine in concentrations up to 60 mgm. per cent 
In the present experiment a number of identical tubes, 
each containing 10 mgm. of sulfapyridine per 100 milli- 
liters of blood broth, were inoculated with 100 type III 
pneumococci per milliliter. Para-aminobenzoic acid suf- 
ficient to make a final concentration of 1.0 mgm. per cent 
was added to one tube at the beginning of the experiment. 
All the tubes were then incubated at 37° C. and blood 
agar pour plates were made at frequent intervals. Drug- 
free broth was used to make the proper dilutions of the 
explants. Two hours after the beginning of the ex- 
periment 1.0 mgm. per cent of p-aminobenzoic acid was 
added to a second tube. In like manner, equal amounts 
of this drug were added at 4, 8, 12, 16, 20 and 24 hours 
to the remaining tubes in succession. One tube, contain- 
ing neither sulfapyridine nor />-aminobenzoic acid, and 
another, containing 10 mgm. per cent of sulfapyridine 
and no />-aminobenzoic acid, served as controls. Blood 
agar pour plate counts were made at frequent intervals. 

The results are charted in Figure 2. The typi- 
cal growth curve from a small inoculum of pneu- 
mococci in sulfapyridine broth is shown. There 
is an initial lag phase, a period of logarithmic in- 
crease, and then a phase of decline and death of 
the bacterial population (10). When ^-amino- 
benzoic acid was added either initially, or during 
the lag phase or the phase of logarithmic incr/&- 
the resulting growth curve in each instar^ ,ce w 23 
the same as the normal control and there '■* was no 
evidence of any sulfapyridine effect. t' 

aminobenzoic acid was added during theC . static o r 
declining phase of growth, however, the! re w 33 3 
short lag period, following which the oi.^gani:! 33 
began to grow rapidly again. It is evideiW tlol 
/^-aminobenzoic acid can revive a culture in 
presence of sulfapyridine at any stage ilp ft 6 
growth curve as long as there are any viable^ or 
ganisms. In this case, at 20 hours there were n) 
two diplococci per milliliter before the addition o 
/^-aminobenzoic acid. The addition of the latte 
drug at 24 hours resulted in no growth, confirming 
the complete bactericidal action of the sulfapW 
dine at that time. The control curve of g r0 " 
when neither sulfapyridine nor p - amino - nz0 ' 
acid was used was identical with the cu J ve 
tained with the latter drug alone. Un er 
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Fig. 2. Effect of Addition of 1.0 Mgm. Per Cent />-Aminobenzoic Acid to the Growth 
Curve of Stock Type III Pneumococcus in Blood Broth Containing 10 Mgm. Per Cent 
Sulfafyridine 

Dotted line represents control curves of growth in sulfapyridine before addition of /’-amino- 
benzoic acid, and solid lines represent the subsequent growth after addition of ^-aminobenzoic 
acid at the various times indicated by the arrows. The curves representing growth when p- 
aminobenzoic acid was added at the beginning of the experiment and 2 hours later, and the 
control curve of growth in broth without the addition of -aminobenzoic acid are all super- 
imposed. The control sulfapyridine cultures were sterile at 24 hours and remained so even 
when ^-aminobenzoic acid was added at that time. 


conditions of the experiment, therefore, no addi- 
tional growth- stimulating effect of p- aminobenzoic 
acid was apparent. 

Chemical determination, absorption, excretion and 
distribution of para-aminobenzoic acid 3 

Para-aminobenzoic acid, being a primary ary- 
lamine, couples with «-( 1 naphthyl) ethylenedi- 
amine dihydrochloride, producing a red color. It 
can therefore be detected in body fluids by Bratton 
and Marshall's method for sulfanilamide (11). 
However, when both /^-aminobenzoic acid and a 
sulfonamide compound are present in blood or 
urine, it is impossible to estimate the quantity of 
each by this method. 

Para-aminobenzoic acid is readily absorbed fol- 

5 We are indebted to Dr. F. H. L. Taylor for his advice 
and assistance in these studies. 


TABLE i 

Blood levels of p- aminobenzoic acid in milligrams per 100 ml. 
following single oral doses 


Hours after administration 


Sub* 

ject 


M.C. 
A. R. 
T. L. 
P. D. 
L. M. 
J.E. 


Dose 


pram* 

1.0 

2.0 

4.0 

4.0 

4.0 

4.0 


1 hour 


F. 


S.T. 

1.5 
3.0 
G.l 

2.6 


T. 


2 hours 


F. 


0 

S. T. 

4.0 

5.0 
3.8 
2.5 


T. 


S.T. 

1.1 

5,3 

6.1 

5.7 

4.8 


3 hours 


F. 


T. 


4 hours 


T. 


0 , 
S.T. 


5 hours 


0 

0 

S.T. 

S.T. 

0.4 I 


T. 


G hours 


F. 


0 

0 

S.T. 


0.9 


• T- — slight trace (less than 0.1 mgm. per 100 ml.) 

F. - concentration of free ^-aminobenzoic acid " in 
KS3 n “r P S r 100 ral ” as determined by the 
Smide (ll) att ° n and Mareha11 for sul - 
T. = total concentration of ^-aminobenzoic acid in 
metlS3 rnS f P n r 100 ml -> as determined by the 

fonilamid°e f (n)! tt0n ^ Mareha11 for sul ' 
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lowing ingestion of from 1 to 4 grams (Table I). 
Maximum blood levels are reached in 1 to 2 hours. 
Conjugation of the drug apparently begins early 
and progresses rapidly. Four hours after doses 
of 1 or 2 grams the compound is no longer de- 
tected in the blood. After single 4-gram doses, 
small quantities are still present in the blood at 6 
hours. 

Urinary excretion is rapid and largely com- 
pleted in 12 hours (Table II). About two-thirds 
of the drug is excreted in the “ free ” form. 
When determined as “ total ” drug (after acid 
hydrolysis), /’-aminobenzoic acid is apparently 
completely recovered in the urine in 12 hours. 


TABLE II 

Urinary excretion of p-aminobenzoic acid following single 

oral doses 





1 

1 



I 

Per cent of 



Hours 

1 

1 

1 

Total 

adminis- 
tered drug 

Sub- 

ject 

Dose 

after 

admin- 

Urine 

vol- 

F. 

T. 

(cumulative) i 

' ! 

excreted 

(cumula- 


istra- 

ume 





tive) 



tion 



i 






i 

1 





F. ! 

T. ! 

F. 

T. 


grams 

1 

ml. 

1 

mgm 

100 

. per 
ml. 

mgm . 

mgm. 

per 

cent 

per 

cent 

M. C. 

1.0 

0-5 

270 

85 

232 

230 

626 

23 

63 



5-11 

700 

0.9 

5.0 

236 

661 

24 

66 

A. R. 

2.0 

0-5 

730 

184 

274 

1340 

2003 

68 

100 



5-11 

390 

20 

24 ! 

1417 

2097 

71 

105 

T. L. 

4.0 

0-3 

250 

581 

684 

1453 

1710 

36 

43 



3-6 

360 

322 | 

534 | 

2612 j 

3632 

65 

91 



6-12 

950 

8.2 1 

47 1 

2690 | 

4080 

67 

102 



12-24 | 

1130 j 

1.4 j 

7.2 

2705 

4161 

68 

104 

P. D. 

4.0 

0-3 

340 

557 

710 

1892 

2413 

47 

60 



3-6 

125 

515 

944 

2535 

3593 

63 

89 



6-12 

475 

24 

90 

2650 

4021 

66 

101 



12-24 

1100 

2.0 

9.3 

2672 

4123 

67 

| 103 

I 


F, = concentration of free />-aminobenzoic acid in 
milligrams per 100 ml., as determined by the method 
of Bratton and Marshall for sulfanilamide (11). 

T. = total concentration of £-aminobenzoic acid in 
milligrams per 100 ml., as determined by the method 
of Bratton and Marshall for sulfanilamide (11). 


Following absorption, this compound apparently 
enters the blood cells but is not equally distributed 
between cells and extracellular fluid. The con- 
centration of />-aminobenzoic acid in blood plasma 
is about three times as great as its concentration 
in red cells (Table III). 


TABLE III 

Distribution of p-aminobenzoic acid between blood 
plasma and red blood cells 


Concentration {mgm. per 100 ml) 


Subject 

Whole 

blood 

Plasma 

(P) ! 

Cells 

(C) 

(Calcu- 

lated) 

C/P 

Hema- 

tocrit 

(Cor- 

rected) 



mgm. per 

mgm . per 





100 ml. 

100 ml. 



T. L 

Free 4.0 

6.1 

1.9 

0.31 

50.1 


Total 5.3 

7.9 

2.7 

0.34 

P. D 

Free 5.0 

6.3 

2.3 

0.37 

“21 *7 


Total 6.1 

7.9 

2.2 

0.28 

•51./ 


L Blood obtained 2 hours after a single 4.0-gram oral dose. 


Inhibition by para-aminobenzoic acid of the bac- 
teriostatic effect of sulfathiazole on the growth 
of B . coli in human urine. A compari- 
son of urine obtained after ingestion 
of para-aminobenzoic acid with 
urine to zvhich the drug is 
added in Vitro 

Urine was collected from a normal subject after oral 
administration of 4.0 grams of ^-aminobenzoic add, and 
the concentration of the compound excreted in the urine 
was determined colorimetrically. A specimen of drug- 
free urine was then obtained from another subject and 
/>-aminobenzoic acid was added in vitro in an amount 
calculated to yield the same concentration of “free 
drug as was present in the first sample. The two unnes 
were filtered through Berkefeld candles and tested for 
sterility. They were then diluted with normal sterile 
urine to make concentrations of “ free " />-aminobenzoi c 
acid varying from 500 to 0.01 mgm. per cent and both 
series of dilutions were distributed into tubes containing 
5 ml. each. Sulfathiazole in the form of a solution o 
the sodium salt in distilled water was added to each o 
the two series of />-aminobenzoic acid-containing tubes 
of urine. The final concentrations of sulfathiazo e 
ranged from 500 mgm. per cent to 50 mgm. per cent. 
Concentrations of sulfathiazole smaller than SO mgm. P er 
cent were not regularly bactericidal and were there ore 
not used in this experiment. The final pH of the drug 
containing urines varied from 7.0 to 7.8. A stock cu 
of B % coli communis was grown in broth and dilute i 
distilled water, and 0.1 ml. of the proper dilution, se ec 
so as to make an inoculum of about 1500 viable org *” 1S .y e 
per milliliter, was added to each tube of urine. ^ 
clouding after 48 hours' incubation at 37 C . uas 
indicate growth. At the end of 48 hours subcu tures ^ 
agar were made to confirm the presence or a se 
growth. 
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TABLE IV 


Pneumococcidal activity of dcfibrimicd human blood following administration of sulfonamides and p-aminobenzoic acid 





1 

Pneumo- 




Growth 

cocci dal 


Exper- 

iment 


inhibition 

action at 


Time of blood samples in relation to 



48 hours 

Remarks 

num* 

drug administration 





ber 

24 

hours 

48 

hours 

Inocu- 

lum 

Growth 


I 

Control (before drugs) 

0 

0 



Subject E. C. Single dose of 5.0 grams Na. SP. i.v., 


I hour after SP. (SP.lcvelrF. « 10.5. T. * 10.5) ; 

10* 

10* 

10* 

35 

followed in \ hour by 2.0 grams £-ABA. p.o. 


1 hour after f>-ABA. 

0 

0 



Stock type III pneumococcus. Tests done immediately 


2 hours after p~ ABA. 

0 

0 



after last blood sample. 


5 hours after f>-ABA. ; 

10 s 

10* 

10* 

50 


II i 

Control (before drugs) , 

0 

0 



Subject J. E. Single dose of 5.0 grams Na. SP. i.v., fol- 

! 

i hour after SP. (SP. level: F. = 10.2, T. = 10.4) | 

10< 

10* 

10* 

22 

lowed in \ hour by 1.0 gram £-ABA. p.o. 


1 hour after f>-ABA. 

0 

■LS 



Stock type V pneumococcus. Tests done after incuba- 


2 hours after f»-ABA. 

10* 


10 

00 

tion of blood samples at 56° C. for I hour. 


4 hours after f»-ABA, 

10* 

■a 




hi 

Before first dose of A-ABA. (ST. level: F. = 4.9, 

10* 

10* 



Subject S. L. Received ST. 1.0 gram every 4 hours. 


T. « 5.2) 





p- ABA., 2.0 grams every 3 hours, begun after fifth 
dose of ST., which was also continued. 


1 hour after second dose of f>-ABA. 

10 

10 



Stock type III pneumococcus. Tests done immediately 






after last blood sample. 

IV 

Before first dose of i>-ABA. (ST. level: F. = 63 1 

ID* 

10* 

10« 

10 

Subject L. C. Received ST. 1.0 gram every 4 hours. 


T. « 7.0) 





On tenth day of ST. therapy received in addition 1.0 
gram j>-ABA. every 2 hours. 


1 hour after fifth dose of £-ABA. 

io ; 

10 

10 

0 

Stock type III pneumococcus. Blood samples kept in 






icebox for 72 hours before testing. 


Growth inhibition. Numbers represent the largest inoculum which showed no color change in the blood. 
Pneumococcidal action. Listed only when inhibition was noted. Growth refers to number of colonies grown in agar 
pour plates. Inoculum refers to original number added to the blood. Larger inocula yielded too many colonies to count; 
smaller ones yielded no growth. 

Abbreviations. ST. = sulfathiazole 
SP. a* sulfapyridine 
Na. SP. = sodium sulfapyridine 
p-A BA, ~ ^-aminobenzoic acid 
i.v, = intravenous 
p.o. = oral 

F, s= concentration of free sulfonamide in mgm. per 100 ml. 

T. concentration of total sulfonamide in mgm. per 100 ml. 
oo = innumerable. 


This experiment was repeated several times. 
The general character of the results was similar 
in each instance and corresponded to the results 
obtained by Woods (6), who used sulfanilamide 
and a synthetic medium instead of sulfathiazole 
and urine, respectively. Quantitatively, however, 
the results varied widely, as may be expected with 
a medium as variable as urine. In each experi- 
ment there was a marked difference between the 
activity of />-aminobenzoic acid added in vitro and 
its activity when excreted in the urine. When 
added in vitro , 0.1 mgm. per cent of />-aminoben- 
zoic acid usually inhibited the action of 250 mgm. 
per cent or less of sulfathiazole ; when excreted in 
the urine, on the other hand, 10 mgm. per cent of 
/>'aminobenzoic add was required to inhibit the 
action of 100 mgm. per cent or less of sulfathi- 
azole. The bactericidal effect of 500 mgm. per 
cent of sulfathiazole could not be overcome even 
by 500 mgm. per cent of p- aminobenzoic add. 


However, such high concentrations of />~aminoben- 
zoic acid in themselves inhibited growth in control 
tubes containing no sulfathiazole. While these 
tests were not entirely satisfactory, they clearly 
indicated that /^-aminobenzoic acid is considerably 
more active when it is added to urine in vitro than 
when it is excreted in urine following ingestion. 

Effect of ingestion of para-aminobenzoic acid on 
the pneumococcidal activity of the blood 
of subjects receiving sulfonamides 

Bactericidal tests were carried out on defibrinated 
blood, as in previous studies (9). In some instances, 
subjects were selected whose blood was previously shown 
to lack pneumococcidal power for the pneumococcus 
strains used. In other instances, blood samples, the pneu- 
mococcidal properties of which were unknown, were in- 
activated before the test by heating at 56° C. for ^ hour 
or by storing at icebox temperature for 72 hours so as 
to eliminate any bactericidal action that might be residing 
m the fresh blood. The essential details and the results 
of four separate experiments are shown in Table IV. 
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Experiment I. Subject E. C. was a normal adult 
whose freshly shed blood was shown on previous occa- 
sions to be completely devoid of pneumococcidal action 
for the stock type III pneumococcus. He was given 5.0 
grams of sodium sulfapyridine intravenously, followed in 
¥2 hour by 2.0 grams of />-aminobenzoic acid orally. 
Blood samples were obtained immediately before each of 
the two drugs were given and also 1, 2 and 5 hours after 
the ^-aminobenzoic acid was ingested. All the bloods 
were then tested for pneumococcidal action on the stock 
type III pneumococcus. 

The control blood again had no pneumococcidal 
action. Following the intravenous injection of 
the sodium sulfapyridine, 0.5 ml. of this subject’s 
blood inhibited the growth of 100,000 organisms 
for 48 hours and killed 10,000. The blood sam- 
ples drawn 1 and 2 hours after the ingestion of the 
^-aminobenzoic acid showed complete loss of the 
killing power acquired as a result of the adminis- 
tration of sulfapyridine. The last blood, taken 
after 5 hours, however, again showed marked kill- 
ing power. It was demonstrated in the previous 
section ( cf . Table II) that />-aminobenzoic acid 
in this dose cannot be detected in the blood 5 hours 
after its oral administration. On the other hand, 
effective concentrations of sulfapyridine are still 
present in the blood for a much longer period fol- 
lowing the intravenous injection of 5 grams of 
this compound (12). 

Experiment II. Subject J. E. was another normal 
adult in whom a preliminary blood sample showed no 
killing power for type V pneumococcus. This subject 
was likewise given 5.0 grams of sodium sulfapyridine 
intravenously, followed this time by 1.0 gram of />-amino- 
benzoic acid by mouth. Blood samples were taken as be- 
fore, except that the last blood was taken 4 hours after 
the £-aminobenzoic acid and each sample was heated at 
56° C. for 30 minutes after it was drawn. These pneu- 
mococcidal tests were done with the stock type V strain. 

Again the control blood lacked pneumococcidal 
action. In the first sample obtained after the in- 
travenous administration of the 5.0 grams of 
sodium sulfapyridine, 0.5 ml. of this subject’s 
blood killed 1000 pneumococci. The blood ob- 
tained 1 hour after the />-aminobenzoic acid inges- 
tion lacked all bactericidal or even bacteriostatic 
action. The bloods taken after 2 and 4 hours 
were unable to kill more than 10 pneumococci per 
milliliter, but showed some bacteriostasis. 

Experiments III and IV. These- experiments 
were carried out with the blood of 2 patients who 


were receiving sulfathiazole and were also the sub- 
jects of studies on the effect of />-aminobenzoic 
acid on toxic reactions. The stock type III pneu- 
mococcus was used. Initial bloods taken during 
the sulfathiazole therapy and before the adminis- 
tration of />-aminobenzoic acid showed moderate 
degrees of pneumococcidal activity consistent with 
the concentrations of sulfathiazole which these 
blood samples contained. In both patients, bloods 
taken after the administration of />-aminobenzoic 
acid lost almost all of this pneumococcidal action. 
In Subject S. L. (Experiment III) the second 
blood was obtained 1 hour after two 2-gram doses 
had been given, and in Subject L. C. the second 
blood was obtained 1 hour after five doses of 1.0 
gram each had been given at 2-hour intervals 
(Experiment IV). 

These experiments demonstrate that after the 
ingestion and absorption of />-aminobenzoic add 
the bactericidal and bacteriostatic effect of sulfon- 
amides on the pneumococcus is inhibited in the 
blood just as it is on addition of />-aminobenzoic 
acid in the test tube. 

Attempts to overcome and to prevent sulfonamide 
fever and rash by the administration of 
para-aminobenzoic acid 

Fildes (8), on the basis of the studies of Woods 
and Selbie referred to previously, made the sug- 
gestion that p-aminobenzoic acid might inhibit 
not only the bactericidal action of the sulfonamides 
but also their toxic effects in human tissues. 1 
mechanism by which such toxic effects on bod) 
tissues are brought about is not known, and its 
relation to the mode of action of the drugs on 
bacteria is, therefore, not clear; nor is the same 
mechanism necessarily involved even in the i ^ 
ferent manifestations of toxicity. Drug 
and rashes were selected for the present study e 
cause: ( 1 ) they are objective manifestations, ( / 
they subside fairly promptly on withdrawal o t e 
offending drug and (3) they can usually be re 
produced in the same patient, at least wit i ^ 
same drug. It is recognized, however, that t e~ 
effects sometimes clear up while the drug 3S e ° 

continued. . s 

Patients exhibiting either or both of these s g 
while under treatment with sulfapyridine or su ^ 
thiazole were maintained on the same ose 
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.these drugs and given, in addition, 1 or 2 grams of 
/?-aminobenzoic acid by mouth every 2 or 3 hours. 
The latter amounts were more than sufficient to 
overcome completely the antibacterial effects of 
the chemotherapeutic agents in the blood and urine 
in vitro (c/. Experiments III and IV in Table 
IV). Nevertheless, neither the fever nor the rash 
was influenced. When the sulfonamide was dis- 
continued, the toxic signs cleared up in each in- 
stance, irrespective of whether the />-aminobenzoic 
acid doses were maintained or stopped. 

Some of the patients, after a lapse of a week or 
longer without any drugs, were subsequently given 
regular large doses of ^-aminobenzoic acid first, 
and later, in addition, were, given some of the same 
sulfonamide drug which had previously produced 
fever and a rash. There were no untoward ef- 
fects from the p-aminobenzoic acid while it was 
being taken alone, but the fever and rash regularly 
recurred within a few hours after the sulfonamide 
was given, even in spite of the continued adminis- 
tration of the p-aminobenzoic acid. Again, the 
toxic symptoms cleared when the sulfonamides 
were discontinued, regardless of whether or not 
the ^-aminobenzoic acid doses were maintained. 

A number of subjects were given />-aminoben- 
zoic acid alone in repeated doses for 3 days with- 
out any ill effects. 

DISCUSSION 

The present observations which concern the in- 
hibition of the action of sulfonamides on bacteria 
by ^-aminobenzoic acid are consistent with Fildes’ 
hypothesis (8), which considers substances of 
this type as " essential metabolites 99 that are dis- 
placed at some stage of bacterial growth by ade- 
quate concentrations of sulfonamides. West and 
Cobum’s (4) observations likewise fit into this 
theory. On the other hand, our studies thus far 
fail to substantiate the idea that />~aminobenzoic 
add plays the same role in animal cells and that 
the same mechanism would explain such toxic re- 
actions as the fever and rash that result from 
therapy in human cases. The possibility that 
other toxic effects of sulfonamides may be affected 
by />-aminobenzoic acid or by similar chemicals is 
not excluded. 

The results of the present studies suggest some 
useful laboratory applications for the activity of 


^-aminobenzoic acid. Body fluids, such as blood, 
urine, and spinal fluids obtained from patients 
under treatment, frequently contain relatively high 
concentrations of sulfonamide drugs. When ex- 
plants are made in nutrient broth or agar plates, 
enough sulfonamide is sometimes carried over to 
delay or prevent the growth of organisms that 
may be present. In such circumstances the addi- 
tion of />-aminobenzoic acid to the nutrient medium 
will overcome this sulfonamide action and allow 
full growth of any organisms, provided they are 
still viable. This should be useful in determining 
the success of sulfonamide therapy. 

Although the fate of />-aminobenzoic acid in the 
body is not clearly known, there can be little doubt 
that the compound is excreted, at least partly, in 
altered form. Modifications of the amino and 
carboxyl groups are most likely to occur. When 
/>-aminobenzoic acid is injected into rabbits, about 
25 per cent of it is recovered in the urine in the 
acetylated form (13). The present studies indi- 
cate that humans also acetylate this compound. 
Drug excreted in the urine, when determined 
colorimetrically by Bratton and Marshall's method, 
yielded higher “ total ” than “ free 99 readings, 
that is, after acid hydrolysis more amino groups 
were available for diazotization. On the other 
hand, when solutions of the compound were added 
in vitro and determined by the same method,- the 
results were the same before and after acid hy- 
drolysis. Woods (6) found that alterations in 
the structure of ^-aminobenzoic acid modified 'its 
antibacterial activity, so that acetoaminobenzoic 
acid was only half as active as the original com- 
pound. Likewise, alteration of the carboxyl 
group modified this activity. The conversion of 
the carboxyl group of ^-aminobenzoic acid to its 
amide reduced the activity by one-third. Free 
carboxyl groups are " detoxified ” in the body by 
conjugation. Quick (14) showed that many of 
the substituted benzoic acids are excreted as gly- 
curonates. It therefore seems likely that the de- 
creased activity of />-arrunobenzoic acid after ex- 
cretion in the urine, as compared with its activity 
when added to urine, can best be explained as the 
result of chemical alteration in the body, which 
probably does not affect the determination of 
“ free ” />-aminobenzoic acid. 

It is of interest that in urine no amount of 
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/’-aminobenzoic acid up to and including 500 mgm. 
per cent inhibited the bactericidal action of 500 
mgm. per cent of sulfathiazole. It must be added, 
however, that 500 mgm. per cent of /’-aminoben- 
zoic acid appears, in itself, to prevent growth of 
B. coli in urine, even in the absence of sulfa- 
thiazole. Likewise, sulfathiazole in a concentra- 
tion of 500 mgm. per cent may be toxic to bacteria 
by some action other than the postulated inter- 
ference with vital metabolic enzymatic action, 
namely, by some direct lethal action. This latter 
supposition suggests a possible use for sulfona- 
mide concentrations of this order in the treatment 
of empyema and other focal purulent lesions in 
which sulfonamide therapy has not yet yielded 
satisfactory results. The failure of therapy in 
such cases is ascribed partly to the inhibitory effect 
of the purulent exudate on sulfonamide action. 
Two points must be considered, however, in this 
connection: ( 1 ) The number of bacteria present 
in such lesions is generally considerably greater 
than in our experiments in urine; and (2) there 
is no evidence at present that the inhibitor present 
in pus is identical with />-aminobenzoic acid or acts 
in the same manner. 

SUMMARY AND CONCLUSIONS 

1. There is a roughly linear relationship be- 
tween the concentrations of sulfonamides that 
have bacteriostatic action on pneumococci in blood 
broth and the minimum concentrations of p- amino- 
benzoic acid which inhibit that action. The in- 
hibitory effect of />-aminobenzoic acid is most 
marked against sulfanilamide, less against sulfa- 
pyridine and least against sulfathiazole. 

2. The action of sulfapyridine on pneumococci 
can be nullified at any stage by the addition of 
/’-aminobenzoic acid. The resulting growth of 
pneumococci is then identical with that of a similar 
number of viable organisms freshly inoculated in 
the same medium without sulfapyridine. 

3. Para-aminobenzoic acid is readily absorbed 
after oral administration. Maximum blood levels 
are reached in 1 to 2 hours after ingestion. Ex- 
cretion is rapid and is practically completed in 12 
hours. Some of the compound is present in con- 
jugated form in the blood and urine. The drug is 
found in greater concentration in the plasma than 
in the red blood cells. 


4. Within certain limits, /’-aminobenzoic acid 
inhibits the bacteriostatic effect of sulfathiazole on 
the growth of B. coli in human urine. Urine ob- 
tained after ingestion of /’-aminobenzoic acid is 
considerably less active in this respect than urine 
to which the same concentration of drug has been 
added in vitro. 

5. The pneumococcidal action of human blood 
resulting from the administration of sulfonamide 
drugs can be overcome by the ingestion of 
/’-aminobenzoic acid. 

6. Toxic effects of sulfathiazole therapy, as 
manifested by fever and rash, were neither pre- 
vented nor cured by the administration of /-amino- 
benzoic acid in amounts sufficient to nullify the 
bacteriostatic action of the drug in the blood. 

The chemical determinations were carried out by Miss 
Elizabeth Shaler Smith. 
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Dr. K. Dobriner, to whom we are also indebted, con- 
firmed spectroscopically the presence in these urines of 
/>-hydroxyphenylpyruvic acid (bands in region: 2900 to 
3250 A 0 ) and either />-hydroxyphenylIactic or />-hydroxy- 
phenylacetic acids. Differentiation of the latter two 
acids could not be made by spectroscopic means since 
their absorption bands are practically identical (bands in 
regions: 2780 to 2820 A 0 and 2860 to 2890 A 0 ). Ap- 
propriately treated urines never showed the absorption 
bands characteristic of benzoic, hippuric, phenylpyruvic 
or homogentisic acids. 

Quantitative assay of intermediary metabolites 

Following identification of the abnormal constituents 
in the urine as />-hydroxyphenylpyruvic and />- hydroxy- 
phenyllactic acids, suitable methods were elaborated for 
their quantitative determination. Total hydroxyphenyl 
compounds (tyrosine, />-hydroxyphenyllactic and />- 
hydroxyphenylpyruvic acids), expressed as tyrosine 
equivalent, were determined by the Folin and Ciocalteu 
(7) method as modified by Medes (5). The urine, made 
weakly acid with acetic acid, was shaken with Lloyd’s 
reagent (1.5 grams per 100 cc. urine) (8) to remove 
coloring matter and impurities capable of reacting with 
mercuric sulfate in subsequent procedures. An aliquot 
of the filtrate containing the equivalent of 0.15 to 0.50 
mgm. tyrosine was treated with mercuric sulfate as out- 
lined by Medes (5). Comparison of color was made 
either in a colorimeter against a standard containing 0.5 
mgm. tyrosine or in an Evelyn photoelectric colorimeter 
which had been standardized with pure tyrosine solutions 
of known concentration. 

The results could be expressed in terms of total tyro- 
sine equivalent since equimols of /^-hydroxyphenylpyruvic 
and />-hydroxyphenyllactic acids gave the same intensity 
of color as tyrosine. The rate of color development dif- 
fered, however, in the three compounds. Whereas the 
maximum color developed by /^-hydroxyphenylpyruvic 
acid was attained approximately 20 minutes after the ad- 
dition of sodium nitrite, it appeared almost immediately 
with tyrosine and />-hydroxyphenyllactic acid and re- 
mained practically unchanged during the succeeding 20 
minutes. Readings were therefore made exactly 20 min- 
utes after addition of the sodium nitrite. 4 

Reduction of phosphomolybdic acid in acid solution as 
given by Medes' (5) was used for the determination of 
/>-hydroxyphen 3 r lpyruvic acid. Preliminary treatment of 
the urine with Lloyd’s reagent was carried out as outlined 
above. In the early part of the work, a hydroquinone 


4 This procedure was followed except in instances when 
the output of total hydroxyphenyl compounds (expressed 
as tyrosine) was less than 50 mgm. per 24 hours, a level 
arbitrarily regarded as insignificant. Under these condi- 
tions, the required use of a volume of urine in excess of 
0.5 cc. resulted in the development of turbidity on stand- 
ing for 20 minutes. The time of readings in these in- 

stances was reduced to one minute after addition of the 
sodium nitrite. 


standard was used for colorimetric comparison. Under 
the experimental conditions, 1 mgm. of hydroquinone was 
found to be equivalent to 0.3 mgm. />-hydroxyphenyl- 
pyruvic acid. In later work, readings were made with 
the Evelyn photoelectric colorimeter, using as a standard 
of reference a curve prepared with solutions of pure 
/^-hydroxyphenylpyruvic acid of known concentration. 
The pure acid was prepared by the method of Herbst 
and Shemin (9). The method as given is non-specific 
but it was found that the urines contained practically no 
other substances capable of reducing phosphomolybdic 
acid in acid solution. Normal urine, as well as urine 
following removal of /^-hydroxyphenylpyruvic acid by 
ether extraction, gave values equivalent to less than 5 
mgm. />-h3 f droxypjdienylpyruvic acid per 100 cc. Homo- 
gentisic acid, which gives this reaction, was excluded by 
repeated qualitative tests. 

The difference between the total hydroxyphenyl com- 
pounds (expressed as tyrosine) determined by the Millon 
reaction (5, 7), and the keto acid determined by the 
reduction of phosphomolybdic acid (5), afforded a quan- 
titative measure of />-hydroxyphenyllactic acid, since 
the urinary excretion of tyrosine per sc remained a 
relatively constant and insignificant quantity 5 and since 
other phenolic derivatives were not present in the urine 
in significant amounts. 

Total nitrogen was determined by the macro-Kjeldahl 
method; amino acid nitrogen by Folin’s (2) colorimetric 
method ; organic acids by the method of Van Slyke and 
Palmer (10) and creatine and creatinine by the Folin 
method (11). Free and total phenols were estimated by 
the method of Folin and Denis (12). This procedure 
was later abandoned when it was found that pure p- 
hydroxyphenylp 3 r ruvic acid gave irregular values far in 
excess of its theoretical phenol content Lewis and his 
coworkers (4a) have reported similar inconsistencies for 
phenydpyruvic acid with this method (12). 


RESVLTS 


Relation of protein intake to excretion of 
hydroxyphenyl compounds 

A typical example of the defect in the metabo 
lism of tyrosine and phenylalanine of premature 
infants is presented in Table I. This infant ex 
creted minimal amounts of hydroxyphenyl com 
pounds when he was receiving’ human milk vnt a 
protein intake of 2.3 grams per kgm. per a ) 


5 On a number of occasions, tyrosine was determined 
the Folin and Ciocalteu (7) method following r - 
3 val of />-hydroxyphenylIactic and />-hydroxyp en 
ruvic acids from the urine by extraction wi e , 
mtine resort to this procedure was unnecessary 
2 content of tyrosine, when determined, was a 
is than 25 mgm. per 100 cc. urine (or 50 mgm. . P - 
urs) in the premature infants, studied, whether 
nsisted of human or cow s milk. 
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TABLE I 

Effect of protein intake on urinary excretion of hydroxy phenyl compounds 






Urine 

Age 

Weight 

Diet 

Nitrogen 

intake 

Total 

urine 

1 N 

■ 

Crea- 

tine 

l 

i 

Amino 

acid 

Organic 

acids 

! 

Phenols 

Total 

hydroxy- 

^-Hydroxy- 

^-Hydroxy- 
phenyl- 
lactic 
acid and 
tyrosine* 




Free 

Conju- 

gated 

phenyl 
compounds 
expressed 
as tyrosine 

phenyl- 

pyruvic 

add 

! 

days 

kgm. 


mgm. per 
kgm. per 
34 hours 

mgm. J 

1 

1 i 

V per kgi 

ft. per S4 

! hours 

ec.N/10 
per kgm. 
per 24 
hours 


1 

■nilligrams per . 

24 hours 


10 

1.95 

Human milk 

366 

66 I 

3.5 I 

0.2 I 

7 

37 

9 I 

4 I 

12 I 

3 

9 

11 

1.98 

Cow’s milk 

764 

103 1 

4.3 1 

0 1 

9 

46 

12 1 

6 1 

17 1 

4 

13 

12 

1.99 

Cow’s milk 

838 

184 

4.5 

0.1 

10 

47 

22 

6 

40 

8 

32 

13 

2.03 

Cow’s milk 

823 

247 

4.8 1 

0.1 

10 

57 

32 

4 

62 

12 

50 

14 

2.06 

Cow’s milk 

811 

297 

4.8 

0.1 1 

10 

58 

31 

5 

63 

13 

50 

17 

2.17 

Cow’s milk 

852 

384 

4.8 

0.5 

13 

81 

195 

11 

626 

136 

490 

18 

2.23 

Cow’s milk 

831 1 

413 

4.6 

0.6 

13 

86 

215 

12 

698 

155 

543 

19 

2.26 

Cow's milk 

820 

476 

4.9 

1.2 

15 1 

103 

244 

9 

833 

196 

637 

20 

2.27 

Cow's milk 

816 1 

490 

4.6 

1.5 

16 

142 

262 

10 

869 

225 

644 

21 

2.28 

Cow’s milk 

812 j 

440 

4.4 

1.2 

18 

118 

236 

0 

772 

205 

567 


* Since tyrosine per se was a minimal and relatively constant quantity, blank values following ethereal extraction 
of the urine never exceeding 50 mgm. per day on the diets of cow’s milk, 6 the figures in this column represent predomi- 
nantly p-hydroxy phenyl lactic acid. 


(nitrogen X 6.25). When the diet was changed 
to cow’s milk containing more than 5 grams pro- 
tein per kgm. per day, the excretion of these sub- 
stances increased — gradually for the first 4 days 
following the change, and then abruptly during the 
next 3 days. In this infant, a maximum level 
(869 mgm. hydroxyphenyl compounds expressed 
as tyrosine) was reached on the 9th day after 
the change of diet. The level of excretion of p- 
hydroxyphenylpyruvic acid was 225 mgm. on this 
day, representing 26 per cent of the total hydroxy- 
phenyl compounds. The remaining 644 mgm. 
represented />-hydroxyphenyllactic acid and mini- 
mal amounts of tyrosine. 

. output of total hydroxyphenyl compounds 
m the 18 premature infants in whom the defect 
was studied varied from indeterminable amounts 
to 1385 mgm. per day and for />-hydroxyphenyl- 
pyruvic add from traces to 444 mgm. per day. 
n all observations, the output of the hydroxy acid 
notably exceeded that of the keto acid, the latter 
comprising less than 40 per cent of the total hy- 
roxyphenyl compounds (expressed as tyrosine) 
except in two instances (44 and 48 per cent), and 
av eragmg 29 per cent for the 18 infants. 

The content of free phenols in the urine, 90 per 

S°I Which Were ether ' s oluble, varied directly 
e concentration of hydroxyphenyl com- 


pounds as determined by the Millon reaction (Ta- 
ble I). Conjugated phenols, on the other hand, 
were constant within the limits of error of the 
method. The organic acid content of the urine 
also paralleled the excretion of hydroxyphenyl 
compounds. 

The amino acid output in the urine never in- 
creased significantly, seldom exceeding 20 mgm. 
amino acid nitrogen per kgm. per day and main- 
taining a practically constant level irrespective of 
the magnitude of excretion of aromatic organic 
acids. Similarly, fluctuations in the output of 
creatine and creatinine were unrelated to the level 
of excretion of these acids. Total urinary nitro- 
gen varied with the nitrogen intake and was re- 
lated to the excretion of hydroxyphenyl com- 
pounds insofar as the latter were excreted only 
when the nitrogen intake was relatively high. 

Table II and Figure I illustrate even more 
graphically the dependence of the defect on the 
level of protein, and more especially on the aro- 
matic amino acid intake. The daily intake and 
output are expressed in terms of body weight 
(mgm. per kgm.) in the table and in absolute 
values in the figure (mgm. per 24 hours). This 
premature infant was fed human and cow’s milk 
of varying protein content and correspondingly 
varying intakes of phenylalanine and tyrosine (13, 
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14) in successive periods. A striking parallelism 
is noted between the intake of these aromatic 
amino acids (expressed as tyrosine) and the uri- 


TABLE II 

Relation of intake to excretion of hydroxyphenyl compounds 


I 

j 

Period 

Diet 

Intake 

Hydroxy- 
phenyl 
compounds 
in urine 

Nitrogen 

Tyrosine 

plus 

phenyl- 

alanine 

i 

1 



mgm. 

mgtn. 


! 


mgm. Per 

tyrosine 

tyrosine 

days i 



kgm. per 

per kgm . 

per kgm. 




£4 hours 

per 2 A 

per £4 





/ro«rJT 

hours 

8 1 

I 

Cow's milk 

839 

482 

255 

9 

l 

(high protein) 

839 

482 

346 

10 

i 

1 

i 


839 

482 

356 

12 1 


Cow's milk 

412 

237 


13 1 


(low protein) 

403 

232 

189 

14 j 

2 ! 


398 

229 

142 

IS 



385 

221 

104 

16 i 

i 

i 

i 


385 

221 

87 

17 | 

l 

Human milk j 

438 

160 


19 

3 

(low protein) 

427 

156 

7 

20 



424 

155 

4 

21 


Cow's milk 

458 

263 


23 


(low protein) 

437 

251 

6 

24 

A 


437 

251 

5 

25 

*x 


428 

246 

6 

26 



418 

240 

6 

27 



418 

240 

8 

28 


Cow's milk 

606 

349 


29 : 


(moderate 

597 

344 

! 25 

30 ! 


protein) 

606 

349 

75 

31 



606 

349 

166 

33 : 



593 

1 342 

230 

34 

j 



579 

| 334 

208 

35 


Evaporated 

1 856 

! 314 

207 

36 : 

6 

skimmed 

690 

253 

166 

37 1 


human milk 

743 

272 

107 

i 


(high protein) 




38 ! 


Cow's milk 

772 

445 

155 

39 

7 

(high protein) 

760 

437 

240 

40 



758 

436 

309 

42 

Q 

Cow's milk 

899 

517 

39 4 

43 

O 

(high protein) 

860 

495 

358 


* The weight of this infant was 2.20 kgm. at the start 
and 3.26 kgm. at the end of observations. 

f According to the data of Holt and Howland (13), 
human milk contains 0.75 per cent lactalbumin and 0.5 
per cent casein and cow's milk contains 0.5 per cent 
lactalbumin and 3.0 per cent casein. The amino add 
content was calculated from data given by Mitchell and 
Hamilton (14) for cow's milk protein — lactalbumin; 1.9 
per cent tyrosine and 1.2 per cent phenylalanine; casein: 
6.5 per cent tyrosine and 3.9 per cent phenylalanine. 
According to the figures given by Womack and Rose (15) 
and Bernstein et at (16), the tyrosine content of milk 
proteins is appredably lower than the above. Use of the 
latter figures, however, would not have affected the qualita- 
tive interpretation of the results. 


nary output of hydroxyphenyl compounds (in 
terms of tyrosine equivalent) in the different pe- 
riods. Following changes in diet, the lag in ex- 
cretion previously noted (Table I) is also evident 
in this observation (Periods 2, 5, 6 and 7) and it 
may afford a possible explanation for the absence 
of hydroxyphenyl compounds in the urine in Pe- 
riod 4 when the diet was changed from human 
(Period 3) to cow’s milk of similar protein (27 
grams per kgm.) but higher aromatic amino acid 
content. It should be further noted that in Pe- 
riod 6, when the diet consisted of evaporated 
skimmed human milk of higher protein (4.8 grams 
per kgm.) but of similar aromatic amino acid con- 
tent, the excretion of intermediary metabolites 
persisted throughout the period although in pro- 
gressively reduced amounts. This observation, 
not conclusive in itself because of the brevity of 
the period, 0 suggests that the defect is directly re- 
lated to the level of the aromatic amino acid in- 
take, whether the dietary protein be of human or 
bovine origin, a suggestion which is supported by 
the feeding observations with pure amino acids 
which follow. 7 

Ingestion of phenylalanine and tyrosine. Fol- 
lowing prolonged fore-periods of constant diet of 
cow’s milk, 8 premature infants were given either 
1-tyrosine, or d,l -phenylalanine in a single dose 
varying from 0.23 to 2.00 grams per kgm. The 
results are summarized in Table III. 

The ingestion of either of these aromatic amino 
acids resulted in the prompt appearance of inter- 
mediary metabolites, when absent in the fore- 
periods, and in their augmented excretion, when 
previously present. The peak excretion was at- 
tained in some infants in the first 24 hours follow 
ing ingestion; in other infants it was delayed or 
48 hours or longer. Furthermore, the heightene 
level of excretion persisted in some infants 
throughout the period of study; in others it n aS 
transient, returning to the initial level within to 
3 days after ingestion. Finally, the maximal eve 


6 This period was curtailed because of the dev e s 
>f diarrhea which promptly subsided when the ie 
hanged to cow’s milk (Period 7). _ on - 

r The possibility that human milk contained acc 
actors capable of ameliorating the metabo ic a ^ 
vas excluded by experiments in . vitamin ^ 

guinea pigs fed unboiled human milk ( )» * 

y the results obtained in Period 6 of this o 
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TOTAL TYROSINE 
EQUIVALENT 
MG./24 HR. 



5 10 15 20 25 30 35 40 45 


AGE IN DAYS 

•— « INTAKE 0—0 OUTPUT 

Fig. 1 . Effect of Variations in the Intake of Tyrosine and Phenylalanine (Expressed 
as Tyrosine) on the Excretion of Total Hydroxyphenyl Compounds 


of excretion was apparently not solely a function 
°f the amount of amino acid administered. These 
differences in response of individual infants prob- 
ably depended on the degree of vitamin C satura- 
tion of the tissues (18). 

The fact that the urinary output of hydroxy- 
phenyl compounds reached equally high levels in 
the feeding observations with phenylalanine as 
with tyrosine suggests that the normal growing 
human organism can oxidize the phenyl ring of 
phenylalanine to p -hydroxyphenyl derivatives, a 
conclusion already shown for animals by feeding 
(19) and liver perfusion (20) experiments. 

It is interesting to mention that the administra- 
tion of phenylalanine resulted in an increased out- 
put not only of hydroxyphenyl derivatives but also 
of phenylpyruvic acid, whereas the converse was 


not demonstrable ; e.g., the administration of tyro- 
sine augmented the output of phenolic derivatives 
without appreciably affecting the output of phenyl- 
pyruvic acid. Thus infant F. J. L. (Table III) 
excreted 104 mgm. phenylpyruvic acid (21) in 20 
hours after the ingestion of 2.0 grams phenylal- 
anine per kgm., but showed no appreciable excre- 
tion of this acid after the ingestion of tyrosine. 
This observation is in accord with expectation 
since phenylalanine, in contrast to tyrosine, is an 
essential amino arid (15) and the oxidation of 
phenylalanine to tyrosine is probably a biologically 
irreversible process (19). 

The ingestion by these infants of other amino 
acids including glycine, methionine and the aro- 
matic amino acid, tryptophane, in comparable or 
even larger dosage, failed to provoke the appear- 
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TABLE III 

Effect of ingestion of tyrosine and phenylalanine in premature infants 





Hydroxy- 





Hydroxy- 





phenyl 

^-Hydroxy- 




phenyl 

0-Hydroxy- 

Subject 

Dose of amino acid 

compounds 

phenyl- 

Subject 

Dose of ammo acid 

compounds 

phenyl- 



expressed 

pyruvic add 




expressed 

pyruvic sad 




as tyrosine 





as tyrosine 



total 

grams 

grams per 
kgm . 

mgm. per 84 hours in urine 


total 

grams 

grams per 
kgm . 

mgm. per 84 hours in urir.t 

/-TYROSINE 

d, /-PHENYLALANINE 

F. Z. 



30 

12 

F.J.L. 



684 

140 

1.00 

0.45 

218 

112 

1.37 

0.50 

688 

151 




464 

216 




842 

178 








685 

136 

p. J. A. 



973 

348 




627 

128 

2.50 

1.00 

1277 

388 


5.78 

2.00* 

899 

217 



1030 

337 

j 



1081 

249 

H. C. A. 

2.60 

1.00 

905 

1184 

203 

386 

W. B. 

0.64 

0.23 

16 

337 

3 

123 . 



1408 

435 




688 

204 




1071 

349 




712 

831 

210 

256 

F. J. L. 



49S 

98 

R. S. 



28 

13 

373 

1.19 

0.50 

610 

124 




695 

116 


2.21 

0.82 

589 




592 

118 




839 

396 

G. C. 



401 

108 






0.51 

0.24 

534 

153 









459 

143 









341 

86 







* On this day 104 mgm. phenylpyruvic acid were exacted in the urine. 


ance or raise the urinary excretion of these inter- 
mediary products. The observation with trypto- 
phane was of particular interest since no defect in 
its metabolism was demonstrated. The ingestion 
of 2.25 grams (1.0 gram per kgm.) of tryptophane 
by one infant (H. C. A.) was associated neither 
with an increased excretion of total hydroxyphenyl 
compounds or />-hydroxyphenylpyruvic acid nor 
with the appearance in the urine of indole, skatole 
(22) or kynurenic acid (23). In contrast with 
the lack of response to tryptophane, the ingestion 
of tyrosine in the same dosage by this infant a few 
days later (Table III) notably augmented the ex- 
cretion of hydroxyphenyl compounds. 

The excretion of tryptophane per se in the urine 
(7) amounted to 300 mgm., or 13 per cent of the 
ingested dose. The output of amino acid nitro- 
gen, as determined, increased 43 mgm. in the 24 
hours following ingestion, receding to the fore- 
period level during the succeeding 24 hours. 8 

s Although the output of amino acid nitrogen was never 
increased significantly in premature infants receiving 


COMMENT 

Tyrosine and phenylalanine are among the fe" 
aromatic substances that ordinarily undergo com- 
plete oxidation in the human body. Aberration 
in their metabolism are rare, the only well-known 


> milk (20 mgm. or less per kgm. per day), or 
the ingestion of 1-tyrosine, it did show an 

iable tendency to rise following the ingesti 
of 1-trytophane but also of _ 1 °Jj_ me thi- 

henylalanine. In one observation wi gc _ 

the, increase in amino acid nitrogen excr ffl 
ted for 27 per cent of the ingested dose of • * ^ 
kgm. The increase in amino acid conten 

> in 6 of 7 observations with rf^-pheny a t j. e 

:d from 19 to 42 per cent of .he mgested . 

age of the 7 observations being 22 - 4 per ., t he 
rvations with glycine, the extra ammo ^ 
; represented 4 to 12 per cent (average i . P ^ ^ 
le ingested dose. A significant augm ^cep- 

on of amino acid nitrogen occurred, wit Jc 

( 1 -tryptophane) following ^J^ bbjdae ), snf 

io acids W- methionine, and dA P > might 

ng that the unnatural enantiomorp P 
been a contributing factor (24). 
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instances being the congenital defects, alkaptonuria 
and phenylpyruvic oligophrenia (25). Even the 
artificial induction of defects entails considerable 
difficulty. Abderhalden (26) claimed to have iso- 
lated small amounts of homogentisic acid after the 
oral administration of 50 grams of tyrosine to a 
normal man but he was unable to produce alkap- 
tonuria in rabbits and dogs. Papageorge and 
Lewis (27) also failed to produce alkaptonuria in 
rabbits but, when phenylalanine was fed to rats in 
amounts greater than 0.3 gram per 100 grams rat, 
alkaptonuria appeared within 2 to 29 days. Re- 
cent work by Sealock and Silberstein (28) has 
shown that alkaptonuria is readily produced in 
vitamin C-deficient guinea pigs by the ingestion of 
as little as 0.15 gram tyrosine per 100 grams ani- 
mal per day. They obtained similar results in 2 
normal human subjects on a vitamin C-deficient 
diet. The defect in the metabolism of tyrosine 
and phenylalanine exhibited by premature infants 
is not alkaptonuria since they never excreted 
homogentisic acid in significant amounts. 

The path of the metabolism of tyrosine and 
phenylalanine is not definitely known but the avail- 
able evidence indicates that p- hydroxyphenyl- 
pyruvic acid may be an obligatory intermediate 
(14). Kotake and his co workers (3) found that 
rabbits excrete /?-hydroxyphenylpyruvic acid in the 
urine after large doses of tyrosine and also p- 
hydroxyphenyl lactic acid if 1-tyrosine is ingested. 
When large amounts of phenylalanine were fed, 
phenylpyruvic acid was the principal intermediary 
product appearing in the urine but after several 
days of continuous administration of the amino 
arid, p-hydroxyphenylpyruvic acid was also ex- 
creted. 

Lewis and his coworkers (4a) found phenyl- 
pyruvic acid in the urine of rabbits after feeding 
phenylalanine but the intermediary metabolite 
following tyrosine was not p- hydroxyphenyl- 
pyruvic acid but, presumably, -hydroxy phenyl- 
lactic acid. Sealock and Silberstein (29) later 
demonstrated that vitamin C-deficient guinea pigs 
excrete ^-hydroxyphenylpyruvic and p-hydroxy- 
P enyllactic acids in addition to homogentisic acid 
after the administration of either tyrosine or 
phenylalanine. 

A single instance of the spontaneous excretion 


of />-hydroxyphenylpyruvic acid in a human was 
reported by Medes (5). She applied the term 
“ tyrosinosis ” to this anomaly which was charac- 
terized by the continuous excretion of about 1.6 
grams />-hydroxyphenylpyruvic acid of endogenous 
origin, the excretion rising with ingestion of p- 
hydroxyphenylpyruvic acid, tyrosine or proteins. 
Only when the urinary output of />-hydroxy- 
phenylpyruvic acid reached the high level of ap- 
proximately 3 grams per day was tyrosine also 
excreted. />-Hydroxyphenyllactic acid was ex- 
creted still later after the subject had been on a 
high protein diet for several days or had received 
10 grams of tyrosine per day for at least 2 days. 
Homogentisic acid was not excreted. 

The defect in metabolism of tyrosine and phenyl- 
alanine observed in premature infants differs from 
the aforementioned defects, both spontaneous and 
artificially produced, in that more />-hydroxy- 
phenyllactic acid than />-hydroxyphenylpyruvic 
acid was excreted and that significant amounts 
of homogentisic acid have not been found in 
their urine. It is, of course, conceivable that 
the failure of these infants to excrete the latter 
acid may have been due to the relatively low 
intake of its precursors. Papageorge and Lewis 
(27) found an intake of 0.3 gram phenylalanine 
per 100 grams rat per day necessary to produce 
it in rats. In Sealoclds experiments (29) with 
scorbutic guinea pigs, 0.15 to 0.33 gram of tyro- 
sine or phenylalanine per 100 grams of body 
weight provoked alkaptonuria. The diets fed to 
premature infants averaged 5 grams protein per 
kgm. per day. Using the previously quoted pub- 
lished data, this average intake may be calculated 
to contain the equivalent of about 0.5 gram of total 
tyrosine (tyrosine plus phenylalanine expressed as 
tyrosine) per kgm. per day. This level of inges- 
tion is lower than the animal intake (1.5 to 3.3 
grams per kgm.) and it is possible that with pro- 
longed addition of extra tyrosine or phenylalanine 
to the diet, these infants might also have shown 
alkaptonuria. Single doses of as much as 2 grams 
per kgm. of either tyrosine or phenylalanine did 
not lead to the excretion of significant amounts 
of homogentisic acid. 

The clinical significance of these findings in in- 
fants and the circumstances under which the de- 
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feet occurs and disappears will be discussed in the 
succeeding paper. 


SUMMARY 

Premature infants receiving diets of relatively 
high protein content (5 grams or more per kgm. 
per day) exhibit a spontaneous defect in their 
metabolism of tyrosine and phenylalanine. The 
defect is manifested by the excretion of 1-p- 
hydroxyphenyllactic and /Miydroxyphenylpyruvic 
acids in the urine. It may be accentuated by feed- 
ing these amino acids in pure form. 
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In the preceding paper (1) an account was 
given of an aberration in the metabolism of tyro- 
sine and phenylalanine in premature infants char- 
acterized by the urinary excretion of I-/?-hydroxy- 
phenyllactic and />-hydroxyphenylpyruvic acids. 
Data on the isolation, identification and properties 
of these intermediary metabolites and the chemical 
methods employed for their quantitative assay 
were presented. Earlier studies (2) had shown 
an irregular exhibition of the defect in premature 
infants fed high protein diets and this finding, to- 
gether with observed variations in the magnitude 
and duration of excretion of abnormal metabolites 
in infants receiving equivalent protein intakes, 
pointed to the importance of other dietary factors 
besides the level of ingested protein. Later stud- 
ies (3) demonstrated the curative properties of 
vitamin C. 

This paper presents data which establish the 
following facts: ( 1 ) the prevalence and persist- 
ence of the defect in premature infants fed high 
protein diets (5 grams or more per kgm.) devoid 
of vitamin C; (2) its absence in full term infants 
receiving similar diets; (5) its production in the 
latter infants by feeding the pure amino acids, 
I-tyrosine or d, 7-phenylalanine; ( 4 ) the speci- 
ficity of vitamin C in preventing and eradicating 
the defect. 

methods 

Subjects. Thirteen healthy male premature infants 
tanging in age from 6 to 31 days, and weighing from 
1-49 to 2.22 kgm. at the start of observations, were 
studied on diets of vitamin C-free cow's milk throughout 
periods of from 4 to 69 days for a total of 378 days. 
The infants resided in a constant temperature and hu- 
midity room and were under the supervision of 4 spe- 

1 Presented in part at the meeting of the American 
Pediatric Society at Skytop, Pa., on May 3, 1940. 

2 Assistance in this work was given by the Children’s 

Bureau, United States Department of Labor. 


dally trained nurses whose sole duties consisted of the 
preparation of the diets, collection of the urine and 
general care of the infants. Only one or occasionally 2 
infants were observed at one time. 

Twelve male full term infants ranging in age from 9 
to 195 days, and weighing from 2.78 to 6.88 kgm. at the 
start of observations, were studied on similar diets in 
periods of from 1 to 28 days for a total of 83 days. The 
infants had completely recovered from the conditions for 
which they had been admitted to the hospital (respira- 
tory infection, bronchopneumonia, hemorrhagic disease of 
the newborn, malnutrition, hypertrophic pyloric stenosis), 
and they were thriving during the periods of observation. 
Two of the full term infants who were studied on the 
basal diets of cow’s milk were also studied following the 
ingestion of phenylalanine or tyrosine. 

Diets. The basal diets consisted of dilutions of cow's 
milk supplemented with dextrimaltose or cane sugar. 
The total fluid and caloric intakes averaged 150 cc. and 
120 calories per kgm. per 24 hours and were adequate 
to permit satisfactory weight gains. Protein supplied 
from 15 to 20 per cent, 3 butter fat or olive oil (olac) 
from 20 to 40 per cent, and carbohydrate the remaining 
40 to 60 per cent of the calories. Twenty drops of a 
vitamin A and D concentrate (percomorph oil) were 
given daily. No vitamin C was added to the diets and 
analyses of the milk preparations showed the absence 
of ascorbic acid (4). Foreperiods of constant diet of at 
least 3, and usually many more days, preceded the onset 
of observations. 

Supplements. The effect of vitamin C on the excre- 
tion of hydroxyphenyl compounds was determined in 10 
premature and 2 full term infants, none of whom had 
previously received vitamin C in their diets. After the 
abnormal metabolites had appeared in the urine and 
were present in large amounts, vitamin C was given b> f 
mouth or parenterally in daily amounts ranging from 10 
to 500 mgm. ./-ascorbic acid to the point of eradication 
of these substances from the urine. Besides these studies 

3 Aliquot samples of the pooled milks were analyzed 
for nitrogen (Kjeldahl). The protein intake (nitrogen 
X 623) approximated 5 to 6 grams per kgm. per 24 
hours and the calculated content of phen 3 *lalanine plus 
tyrosine (expressed as tyrosine) (1) averaged 500 mgm. 
per kgm. The following preparations of cow's milk 
were used: powdered whole milk, powdered half-skimmed 
milk (alacta), olac and half-skimmed olac. 
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of the therapeutic action of vitamin C, its prophylactic 
effect was also noted in an additional 11 premature and 
4 full term infants by the inclusion in their basal diets 
of supplements of vitamin C (10 or 20 mgm. 1-ascorbic 
acid daily) for a varying number of days prior to 
observations. 

In order to demonstrate the specificity of the curative 
properties of vitamin C, a number of infants who were 
excreting large amounts of hydroxyphenyl compounds 
during foreperiods of basal diets of cow’s milk were 
given the following supplements, either singly or in 
combination and in high dosage: d-isoascorbic acid, 
thiamine, nicotinic acid, riboflavin, pyridoxine (vitamin 
B c ), vitamin H (biotin), pantothenic acid, choline chlo- 
ride, liver extract, yeast powder, rice polishings, a- 
tocopherol and adrenal cortical extract (cortate). 4 

Urine . A detailed description of the method for col- 
lecting urine separately from feces in premature infants 
was given in previous papers (5). Urine was collected 
quantitatively from all of the infants throughout obser- 
vations and analyzed at the end of each 24-hour period 
for the normal urinary constituents listed in the preced- 
ing paper (1), for total hydroxyphen}'! compounds (tyro- 
sine, />-hydroxyphenyllactic and /Miydroxyphenylpyruvic 
acids, expressed as tyrosine) (6, 7), and for the keto 
acid alone (/>-hydroxyphenylpyruvic acid) (7) by the 
methods there outlined. The difference between the total 
tyrosine equivalent and the keto acid afforded a quanti- 
tative estimate of />-hydroxyphenyllactic acid (1). 

Blood . Determinations of plasma ascorbic acid were 
made in a number of the infants 5 by the method of 
Mindlin and Butler (8). Roentgenograms of the long 
bones were taken at frequent intervals on 10 premature 
infants receiving the basal diets devoid of vitamin C. 

RESULTS 

Spontaneous excretion of hydroxyphenyl com- 
pounds by premature infants fed vitamin C-free 
cow's milk and the effect of vitamin C. In Table 
I, the urinary excretion of total hydroxyphenyl 
compounds (expressed as tyrosine) and of p- 
hydroxyphenylpyruvic acid is presented for 13 
premature infants receiving basal diets of vitamin 
C-free cow’s milk, containing, with one exception 
(F. J. L.), from 700 to 900 mgm. of nitrogen 
per kgm. per day (4.4 to 5.6 grams of protein). 
All of the infants had been observed since birth 
and at no time prior to the onset of observations 

4 The authors wish to thank Drs. R. R. Sealock, P. 
Gyorgy, V. du Vigneaud, C. P. Rhoads, Mead Johnson 
Co., the Merck Chemical Co. and Eli Lilly and Co. for 
supplying generous amounts of one or more of these 
products. 

6 The authors are indebted to Drs. M. Dann and W. R. 
C. Golden for these determinations. 


had they received vitamin C either as supplements 
or in their previous diets of heated human or 
cow’s milk (4). The periods of study on the 
basal diets extended from 2 to 61 days in indi- 
vidual infants, but to conserve space the table is 
arranged to show only the results obtained on the 
initial and final days of urinary collections. Fol- 
lowing these basal periods, 1-ascorbic add was 
administered to 9 of the infants and the results 
are also shown in Table I. 

The initial specimens of urine collected at ages 
ranging from 6 to 31 days contained total hy- 
droxyphenyl derivatives equivalent to from 223 to 
698 mgm. of tyrosine per day in all except 3 in- 
fants (H. A., F. J. L. and F. L.). The level of 
excretion in 2 of these infants was insignificant 
on the first day of observation (aged 19 and 22 
days) but after 5 and 8 days, respectively, their 
excretion rate had attained notable proportions. 
In the remaining infant (F. L.) the output re- 
mained insignificant during a 5-day period of ob- 
servation (10 to 14 days of age). It is possible 
that intermediary metabolites might have appeared 
had the observation been prolonged. 

In all 12 infants who excreted hydroxyphenyl 
compounds, the excretion persisted at high levels 
for as long as observations were continued on the 
vitamin C-free diets of cow’s milk. In one infant 
(J. S.) it extended to 78 days of age; on this da) 
he excreted 929 mgm. of tyrosine. The range 
of output in the remaining 11 infants varied from 
291 to 1327 mgm. in the final specimens of urine 
collected on the 12th to the 53rd day of life. The 
body weight of 6 of the 12 infants at the terfflina 
tion of these basal observations had readied levels 
well in excess of 2.5 kgm., the birth weight cus 
tomarily used to differentiate full term from P re 
mature infants. _ ., 

The output of />-hydroxyphenylpyruvic acid 

ranged from 36 to 175 mgm. per day in the mitia 
specimens of urine in 10 of the infants an 
reached levels as high as 444 mgm. in the n 
specimens (J. S.). The excretion of keto 30 
for individual infants comprised from lt> to 
per cent of the total hydroxyphenyl compoun 
the remaining 66 to 85 per cent being almost en- 
tirely />-hydroxyphenyllactic add (!)• , 

Effect of vitamin C. The parenteral. or ^ 
administration to 9 infants of vitamin C in 
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TABLE I 


Spontaneous excretion of hydroxy phenyl derivatives by premature infants fed vitamin C-free milk. Effect of vitamu 





Diet 

Urine 





Diet 

Urine 


Sub- 

ject* * * § 

Age 

Weight 

Nitrogen 

intake 

/-Ascor- 

bic 

addt 

Total 

hydrory- 

phcnyl 

com- 

pounds 

expressed 

*-Hy- 

droxy- 

phenyl- 

pyruvic 

acid 

Plasma 

ascor- 

bic 

acid 

Sub- 

ject* 

Age 

Weight 

Nitrogen 

intake 

/-Ascor- 

bic 

acidf 

Total 

hydroxy- 

phenyl 

com- 

pounds 

expressed 

as 

*>-Hy- 

droxy- 

phenyl- 

pyruvic 

acid 

Plasi 

asco 

bic 

add 






tyrosine 








tyrosine 




days 

kgm. 

mgm. per 
kgm. per 
24 hours 

tnffm. 

mgm. Per 


mgm. 

per 

iOOcc. 


days 

kgm. 

mgm. per 
kgm. per 
24 hours 

mgm. 


mgm. 

per 

100 cc. 

P.J.A. 

6 

38 

2.00 

3.02 

752 

903 


223 

953 

36 

145 


J.S. 


2.08 

3.96 

738 

787 

100 

434 

929 

89 

444 

0 


39-41 

40 

3.18 

857 

500 

67 

33 



Wm 

4.00 

779 

68 

25 

0 


41 

3.23 

844 


33 

15 


J-C. 

8 

2.20 

839 


562 

112 


H.C.A. 

6 

1.80 

809 


244 

39 


47 

3.48 

806 

95 

1327 

377 


46 

47-49 

3.09 

827 

500 


142 

0 


48—53 

54 

3.76 

837 

1258 

160 

0.3 


48 

49 

3.20 

3.24 

798 

788 

38 

32 

6 

6 

0.3 


54-55 

56 

3.78 

832 

50 

294 

120 

0.3 







56 



25 


14 


M.P. 

1 11 

1.98 

898 


525 

94 



57 

3.88 

811 


38 

0.3 


12 1 
13-14 

1.99 

893 

150 

627 

80 


T. R. 

21 

2.16 

918 


698 

175 



15 

2.05 

868 


3 



46 

2.96 

901 

5001 j 

1159 

351 



16 

2.10 

845 


24 

Trace 

0.1 


47 


889 

907 

152 








47 

3.00 



R. M. G. 

18 

1.78 

925 


319 

85 



48 

3.01 

886 


920 

152 

0 


21 

1.88 

875 : 


477 

132 

0 


49 

3.04 

878 


1126 

157 



22-25 

150 





50 

3.03 

880 

500 

1120 

143 



26 

2.10 

784 

36 

5 

0.1 


51 



937 § 

146§ 



38 

2.54 

814 


714 

114 



51 

3.04 

878 




38-39 

400 








123| 

100§ 

0.1 


39 

2.62 

791 

38 

6 



52 

3.04 

878 


47 

9 

R.A. G. 

18 

1.97 

876 


606 

146 

0 

W. B. 

19 

1.92 

700 


425 

131 



20 

2.04 

846 


534 

136 



24^ 

2.00 

672 


368 

132 



21 



100 









54 

8 



22 

2.11 

818 

48 

8 


H. A. 

19 

1.49 

642 




30 

2.44 

779 


612 

185 

0 


24 

1.60 

855 


462 

81 



31 


200 





29 

1.76 

887 


413 

87 



32 

2.52 

753 


340 

120 

0.3 










33 



200 





22 

1.69 

486 


21 

3 



34 

2.64 

719 


40 

8 


30 

2.00 

616 


149 

32 


L. K. 







■ 

33 

2.11 

584 


291 

61 


31 

1.82 

932 


437 

103 











53 

2.70 

801 


744 

101 



10 

2.22 

693 


16 

4 

0 


54 



275t 




iflfl 

14 

2.49 

742 


32 

6 


55 

2.84 

880 

28 

Trace 

0.1 

i 


[ 







* Data on the first 5 subjects were presented in a previous communication (3). 

f l ~ Ascorbic acid was given hypodermically in all infants except T.JR. and J, C. in whom it was given orally. 

X Two hundred mgm. /-ascorbic acid were given hypodermically: 75 mgm. orally. 

§ Twelve-hour periods, 
i | d-I soascorbic ad d . 

^ Vitamin C given at a later date caused the disappearance of hydroxyphenyl compounds. 


or divided doses totaling 100 to 500 mgm. 1 - 
ascorbic acid resulted without exception in the 
prompt eradication of abnormal metabolites from 
the urine. In 2 infants (R. M. G. and R. A. G.) 
the cycle of appearance of urinaiy hydroxyphenyl 
derivatives with omission of vitamin C, and dis- 
appearance with its resumption, was demonstrated 
on two occasions. In another infant (J. C.), the 
oral administration of 95 mgm. of i -ascorbic acid 
in the course of 6 days was without demonstrable 
effect but continued administration of an addi- 
tional 75 mgm. on the 3 succeeding days resulted 


in the customary suppression of abnormal urinary 
metabolites. 6 

The oral administration of 500 mgm. of iso- 
meric (f-isoascorbic arid to one infant (T. R.) 
was accompanied by a transient decrease of ap- 
proximately 20 per cent in the excretion of hy- 

6 The prophylactic action of vitamin C was also dem- 
onstrated in a group of II premature infants whose basal 
diets of heated cow's milk had been supplemented by a 
total of at least 70 mgm. i-ascorbic acid prior to ob- 
servations. In 7, the spontaneous excretion of hydroxy- 
phenyl compounds was entirely prevented by the prior 
administration of 70 to 100 mgm. 
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TABLE II 

Excretion of hydroxyphcnyl derivatives by full term infants fed vitamin C-frec cow's milk 


Subject 

Age 

Weight 

1 

1 

1 

Nitrogen 

intake 

Ur 

Total 

hydroxy- 

phenyl 

com- 

pounds 

expressed 

as 

tyrosine 

ine 

/>-Hydroxy- 
phenyl- 
1 pyruvic 
add 

Plasma 

ascorbic 

acid 

Remarks 


mm 


mgm. per 



mgm. 




kgm. 

kgm. per 

1 mgm. per 24 hours 

per 



M j 


$4 hours 



100 cc. 


W. Br. 

1 

3.59 

819 

15 

Trace 

0.1 

Hemorrhagic disease of the newborn. 

M. S. 


4.94 

865 

39 

19 


Hemorrhagic disease of the newborn. 

B. B. 

u 

3.70 

869 

12 

13 


Hemorrhagic disease of the newborn. 

B. L. 


3.16' 

812 

72 

20 

0.1 

Birth injur}". 

G. T. 


4.30 

851 

17 

6 


Cleft palate. 

R. J. 

30 

2.78 

1066 

24 

Trace 


Feeding problem.* 

J. R. 

36 

3.71 

876 

24 

7 


Staphylococcus sepsis; bronchopneumonia. 

P. K. 

42 

3.86 

868 

14 

4 

0.1 

Pyloric stenosis, postoperative. 

B. C. 

58 

4.30 

955 

19 

2 


Conjunctivitis. 

V. P. 

143 

6.88 

820 

24 

5 

0.1 

Bronchopneumonia. 

V. D. 

195 

5.38 

826 

48 

9 

0.1 

Malnutrition; respiratory infection. 

J. o. 

36 

3.42 

900 

1171 

350 

0 

Feeding problem; convulsions. 


51 

3.90 

903 

1450 

449 





500 mgm. /-ascorbic acid orally 




53 

4.00 

881 

45 

7 

0.3 



* On this day the infant received /-ascorbic acid (20 mgm.) for the first time. 


droxyphenyl compounds, with a return to the 
foreperiod level on the 3rd day following treat- 
ment (over 1100 mgm. in 24 hours). Five days 
later, an equal oral dose of 2-ascorbic acid abol- 
ished the excretion of these substances within 48 
hours. The minimal effect of tf-isoascorbic acid 
on the metabolism of aromatic amino acids (9) is 
commensurate with its recognized lesser antiscor- 
butic potency (10). 

Ascorbic acid was not detectable in the blood 
plasma of 6 infants in the vitamin C-deficient pe- 
riods, and in 5, correction of the metabolic error 
by the vitamin was not accompanied by appreci- 
able elevations of the plasma levels which re- 
mained at 0 to 0.1 mgm. per 100 cc. even after 
100 mgm. or more of ^-ascorbic acid had been 
given. The rise in the ascorbic acid content of 
the plasma of 3 other infants following adminis- 
tration of the vitamin did not exceed 0.3 mgm. per 
100 cc. The complete absence or slight elevation 
of the ascorbic acid content of the blood plasma 
in the face of repair of the defect in cellular 
metabolism is in accord with published data (11) 
stating that replenishment of intracellular stores 
precedes and is not necessarily reflected in the 
plasma levels. 


Roentgenograms of the long bones of 10 in- 
fants were, as might have been expected from 
their ages (12), essentially negative. It is veil 
known, however, that a prolonged period ma> 
intervene between histological manifestations o 
scurvy and perceptible roentgenographic changes 


Absence of spontaneous excretion of hydroxy- 
phenyl compounds by full term infants. In 
ble II are presented the results obtained in 
group of 12 full term infants ranging from 9 to 
195 days of age who were fed cows milk mix 
tures devoid of vitamin C, and with a protein m 
take (5.1 to 6.6 grams per kgm. per day) con^ 
parable to that of the premature infants. on _ 
of these infants had previously received vitamin 
in their diets or as supplements, with one 
tion (V. P.) who had been breast-fed untl 
admission to the hospital for bronchopneum 
3 weeks prior to observation. In contras ^ 
results obtained in premature infants, 1 0 

12 subjects excreted insignificant amounts o . 


xyphenyl derivatives. 


The single infant (J. O.) who accreted lb jrge 
.romatic metabolites was classified zs a to , d 

because his birth weight of 2o30 gr 
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The ability of full term infants and the failure 
of premature infants to metabolize aromatic amino 
acids completely under similar conditions of diet 
cannot be fully explained at present, but two possi- 
bilities may be mentioned. One presupposes a 
more complete development with full fetal matura- 
tion of the enzyme systems involved in the break- 
down of these amino acids analogous to the dif- 
ferential rate of fetal development of the chain 
of enzymes concerned with the metabolism of 
purines (14) and other substances. The per- 
sistent failure of hydroxyphenyl compounds to 
appear in significant amounts in the urine of one 
full term infant of 6*4 months (V. D.) who, ac- 
cording to his history, had been on a vitamin C- 
deficient diet from birth and who presumably was 
in an extreme state of vitamin C desaturation 
(lib), and the prompt eradication of these sub- 
stances from the urine of another full term infant 
(G. T., Table V) by the administration of a 
vitamin C-free liver extract, suggest that full 
fetal maturity may bring with it a factor or fac- 
tors, not solely dependent on vitamin C, capable 
of completing the degradation of aromatic amino 
acids. The failure of vitamin C to suppress the 
urinaiy excretion of the aromatic amino acid 
metabolites, homogentisic acid and phenylpyruvic 
acid in the inborn anomalies, alkaptonuria (IS) 
and phenylpyruvic oligophrenia (16), has already 
been established. 

The second, and perhaps more likely possibility, 
presupposes quantitative differences in the body 
stores of vitamin C in premature and full term 
infants. This concept is supported both by anal- 
ogy to the known differences in body storage of 
calcium and other substances in fetuses of differ- 
ent ages (17) and by direct evidence. Tissue 
analyses (18) have shown that the ascorbic acid 
content of the livers of premature infants at or 
shortly after birth is lower than that of full term 
infants under similar conditions of maternal diet. 
Tolerance tests indicate that young premature in- 
fants excrete only 10 to IS per cent of a test dose 

the standard of 2500 grams (5}4 lbs.) statistically used 
to divide premature from full term infants. His history 
stated, however, that 11 he was bom 2 to 3 weeks before 
term and required incubator care/’ The oral adminis- 
tration of 500 mgm. 1-ascorbic acid to this infant on 
the 52nd day of life promptly abolished the urinary ex- 
cretion of intermediary metabolites (Table II). 


of vitamin C in 24 hours (19) in contrast to 28 
per cent excreted by full term infants following 
an equivalent dosage (20). The absence of hy- 
droxyphenyl derivatives in the initial urine speci- 
mens of some premature infants (Table I), and 
their subsequent appearance with no change in 
diet, may be explained on the basis of progressive 
depletion of the vitamin C stores of the body. 
Furthermore, the excretion of these metabolites 
persisted in all of the premature infants for as 
long as they were observed; in one infant up to 
78 days of age and 4.0 kgm. in weight. If one 
makes the reasonable assumption that, at this late 
age the enzyme systems of this premature infant 
had attained a stage of development commensurate 
with that of an infant bom at term, the persistence 
of the defect indicates the fundamental position 
of vitamin C in completing the oxidation of aro- 
matic amino acids in these infants. 

Effect of ingestion of tyrosine and phenylalanine 
by full term infants . Since the ingestion of single 
doses of phenylalanine and tyrosine always in- 
creased the excretion of hydroxyphenyl com- 
pounds in premature infants on vitamin C-free 
diets of cow's milk (1), the effect of these amino 
acids was determined in 2 of the full term infants 
previously studied (Table II) under similar diet- 
ary conditions. 

Both infants responded to ingestion of the 
amino acids (1.0 gram per kgm.) by a prompt 
and persistent rise in excretion of hydroxyphenyl 
compounds. Maximum levels of 1050 and 1750 
mgm. were attained on the 7th and 12th days fol- 
lowing ingestion, the maximal levels for p- 
hydroxyphenylpyruvic acid being 460 and 528 
mgm, on the 4th and 6th days, respectively. In 


infant J. R., these substances were still present 
in large amounts (1343 and 353 mgm.) 18 days 
after the feeding. The ingestion by these 2 in- 
fants of a single dose of 1.0 gram of tyrosine or 
phenylalanine per kgm. was apparently sufficient 
to disrupt the enzymatic mechanisms responsible 
for complete oxidation of aromatic amino acids 
and to initiate a persistent change in their cellular 
metabolism, whereas the daily ingestion of slowly 
absorbed, divided doses of one-half this amount 
(0 5 gram per kgm. as components of the protein 
of the i basal .diet of cow's milk (1)) did not flood 
t e cells to the point of precipitating the defect i 


in 
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table iv — Continued 


Age 


days 

43 

44 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 
62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

81 

83 


Medication! 


Thia- 

mine 


m Em. 

5.0 


5.0 

5.0 

5.0 

5.0 


Ribo- 

flavin 


ms m. 

2.0 


2.0 

2.0 

2.0 

2.0 


Nico- 

tinic 

acid 


in Em. 

10 


10 

10 

10 

10 


Be 


ingm. 

10 


10 

10 

10 

10 


Choline 
Cl 


mgm. fer 

kgm. 

0.5 


0.5 

0.5 

0.5 


II 


4.0 

4.0 


Panto- 

thenic 

acid 


in gm. 


10 

10 

10 

10 

10 

10 

10 

10 

10 

10 


Crude 

liver 

extract 


2 

2 

2 

1 

1 


Crude 

liver 

extract 

plus 

thiamine 

and 

riboflavin 


2 

2 

2 

1 


/-Ascorbic acid — 100 mgm. by hypodermic 


Total 
hydroxyphenyl 
compounds 
expressed as 
tyrosine 


£-Hydroiy- 

pbenyl- 

pyruvic 

acid 


mgm. per 

mgm. per 

24 hours 

24 hours 

880 

175 

868 

169 

842 

188 

875 

189 

822 

204 

850 

241 

748 

197 

773 

222 

789 

255 

770 

248 

816 

288 

774 

262 

666 

228 

1132 

322 

654 

165 

932 

233 

930 

236 

866 

226 

1040 

284 

992 

273 

962 

311 

1206 

39S 

864 

310 

1022 

380 

909 

337 

929 

444 

68 

25 

51 

23 


In 2 of the premature infants, J. S. (Table IV) 
and L. K., treatment with 7 and 8 cc. of the liver 
extract (I or 2 cc. daily) was entirely without 
effect on the excretion of aromatic metabolites; in 
another infant (W. B.) treatment with the same 
extract (2 cc. daily for 3 days) produced a mod- 
erate decrease in the daily output of these sub- 
stances from 368 to 270 mgm., a decline of ap- 
proximately 26 per cent. 11 The fourth premature 

11 On the day following the last injection of liver this 
infant received 1 gram d-isoascorbic acid orally. The 
abnormal metabolites completely disappeared from his 
urine and their excretion remained negligible for as long 
as 13 days thereafter when the observation was dis- 
continued. Further studies on additional premature in- 
fants are being undertaken to determine whether these 
two agents are capable of exerting a synergistic effect 


infant (T. R.) responded to the parenteral ad- 
ministration of the extract (2 cc. daily for 3 
days) with a transient but definite drop of ap- 
proximately 40 per cent from the daily foreperiod 
level of 764 mgm. to 456 mgm. 

In contrast to the absent or moderate and 
transient responses of premature infants to in- 
jections of liver extract, one full term infant 
(G. T.), in whom the defect had been provoked 
by tyrosine ingestion, responded to comparable 
treatment (a total of 6 cc. in 4 days) with a 
prompt and persistent eradication of excretion o 
hydroxyphenyl compounds. Further observations 

on the metabolic defect in these subjects, since the aCt '°^ 
of 0.5 gram d-isoascorbic acid alone (Table 1) " as ° n 
transient and slight. 
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TABLE V 

Effect of the administration of liver extract on the 
excretion of hydroxyphenyl derivatives 
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* Crude liver extract fortified with thiamine and ribo- 
flavin, given intramuscularly, 
t Metabolic defect produced by ingestion of tyrosine on 

29th day of life. 

are at present being made on other full term in- 
fants. If the potency of liver extract 12 in the lat- 
ter is substantiated, it will illustrate another point 
of difference between premature and full term 
infants. 

COMMENT 

An aberration in the metabolism of aromatic 
amino acids has been demonstrated in premature 
infants who are fed relatively high protein diets 
(5 grams or more per kgm. per day) in the form 
of cow’s milk without supplements of vitamin C. 
This aberration is, as a rule, not spontaneously 
demonstrable in full term infants on similar diets 
but it may be artificially provoked in them by 

^ 12 The liver extract which was used in these observa- 
tions was tested and found to contain no vitamin C. 
Although reducing substances were present, the rate of 
color development differed from that of the vitamin. 
Furthermore, the manufacturer reported that the method 
of processing the liver extract undoubtedly destroyed any 
vitamin C originally present. 


the feeding of tf,7-phenylalanine or 7-tyrosine. 
It consists in the inability of these subjects to oxi- 
dize these aromatic amino acids beyond the or- 
ganic acid stage and is manifested by the appear- 
ance in their urine of the intermediary products, 
^-hydroxyphenylpyruvic and 7-/>~hydroxyphenyl- 
lactic acids. The absence of other intermediary 
metabolites (except phenylpyruvic acid following 
the ingestion of phenylalanine) has been estab- 
lished by appropriate tests. This metabolic defect 
may be prevented or, when present, may be 
promptly abolished by the administration of vita- 
min C in adequate dosage. Its reversibility dif- 
ferentiates it from the hereditaxy anomalies, al- 
kaptonuria and phenylpyruvic oligophrenia, both 
of which have been shown not to be remediable 
by the administration of vitamin C (17, 18). The 
spontaneous occurrence of the defect in the pre- 
mature infant provides a good medium for the 
study of the intermediary metabolism of aromatic 
amino acids in the growing human organism. 

The reported data indicate that the metabobc 
error observed in infants is dependent on at least 
three factors: (7) the level of protein (aromatic 
amino acid) intake, (2) the degree of vitamin C 
saturation of the tissues, and (J) the maturity of 
the infant. The last factor may be solely a func- 
tion of the second or it may be related in part to 
a more complete development in the full term 
infant of the enzyme systems involved in aro- 
matic amino acid metabolism. The evidence fa- 
voring these alternate concepts has already been 
considered. 

The reported observations do establish beyond 
any doubt the key position of vitamin C in the 
metabolism of aromatic amino adds in the grow- 
ing human organism. If the metabolism of these 
amino acids increases the vitamin C requirement 
(9), their higher content in cow’s milk may con- 
tribute to the observed lower plasma levels of vita- 
min C in infants on this feeding than in those fed 
human milk (22) and to the increased incidence 
of scurvy in infants fed cow’s milk. This possi- 
bility is at present being investigated. If substan- 
tiated, it will supplement the explanation usually 
offered for the above differences in the plasma 
ascorbic acid of infants fed human and cow’s 
milk, namely, the difference in content of vitamin 
C of the two diets. 
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-Demonstration of the fundamental importance 
of vitamin C in aromatic amino acid metabolism 
suggests the possibility of employing the exhibi- 
tion of the metabolic defect, either spontaneous 
or induced, for the early detection of vitamin C 
deficiency in premature and young infants. Al- 
though the defect appeared in several infants as 
early as the first week of life, the fact that a rela- 
tively high intake of aromatic amino acids was 
required for exhibition of the defect sharply limits 
its usefulness as a test for vitamin C deficiency. 
The evidence does indicate, on the other hand, that 
exhibition of the defect represents an extreme 
degree of vitamin C desaturation of the tissues 
and that disappearance of abnormal urinary me- 
tabolites, when previously present, may constitute 
an early and sensitive sign of repair of intra- 
cellular vitamin C deficiency. The prompt cor- 
rection of the metabolic error following vitamin C 
administration, in the absence of any appreciable 
rise in the ascorbic acid level of the plasma, indi- 
cates that the former effect is a much more deli- 
cate indicator of such repair than changes in 
blood plasma ascorbic acid levels. 

The observations reported in this paper give 
rise to a number of intriguing but as yet highly 
conjectural questions. What is the relation, if 
any, between the demonstrated defect in the me- 
tabolism of tyrosine and phenylalanine and the 
morphologic changes characteristic of vitamin C 
deficiency, namely, improper formation of inter- 
cellular substance and collagen (23) ? Since tyro- 
sine is a precursor of both thyroxine and adren- 
alin, may the presence of the defect in premature 
infants contribute, under certain conditions, to 
their instability of body temperature regulation? 
Is the delicate transparency of the skin of pre- 
mature infants related to improper utilization of 
melanin, another product of tyrosine? Does the 
observed increased excretion of aromatic organic 
acids in premature infants fed cow’s milk play a 
role in their known tendency to develop severe 
rickets? If so, this observation may explain, in 
part at least, the frequently postulated importance 
of vitamin C in the development of rickets. Many 
more questions arise but they are all matters of 
surmise at present and they must await further 
study before meriting consideration. 


SUMMARY 

Premature infants. Premature infants fed 
diets of vitamin C-free cow’s milk containing 5 
grams or more of protein per kgm. exhibited a 
spontaneous defect in metabolism of aromatic 
amino acids manifested by the excretion in their 
urine of I -/^-hydroxy phenyl lactic and p-hydroxy- 
phenylpyruvic acids. This defect was noted as 
early as the 6th day of life and persisted for as 
long as vitamin C was withheld. The adminis- 
tration of 1 - ascorbic add completely eradicated 
the defect without necessarily raising the plasma 
ascorbic acid levels. The administration of d- 
isoascorbic acid had a transient and partial effect, 
and the administration in large dosage, either sin- 
gly or in combination, of thiamine, riboflavin, ni- 
cotinic acid, vitamin B c , vitamin H, pantothenic 
add, choline chloride, a-tocopherol, adrenal corti- 
cal extract, rice polishings, yeast powder and liver 
extract (orally) was without effect. In one of 4 
infants, a crude liver extract by injection resulted 
in a transient but definite decrease in excretion of 
hydroxyphenyl compounds. 

Full term infants. Full term infants fed simi- 
lar diets showed no spontaneous defect in their 
metabolism of aromatic amino acids. The defect 
was precipitated by the ingestion of a single dose 
of 1.0 gram per kgm. of phenylalanine in one in- 
fant and of tyrosine in another. The artificial!) 
induced defect in these subjects was readily abol 
ished by the administration of 1 -ascorbic acid an , 
in one infant, by the parenteral administration o 
whole liver extract. 
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The experimental surgeon, working on animals, 
has contributed materially to our fund of informa- 
tion concerning the formation of peptic ulcer. He 
has shown that the withdrawal of alkaline duo- 
denal secretion from the particular portion of the 
intestinal tract into which the stomach empties, 
and exposure of the intestinal mucosa to acid 
gastric chyme for abnormally long periods, lead 
to the formation of ulcer in a high percentage of 
experiments regardless of the surgical procedure 
employed (1 to 7). It has been concluded from 
these experiments that the hydrochloric acid 
poured from the stomach into the duodenum 
traumatizes the duodenal mucosa by chemical and 
mechanical action in such a way as to produce the 
ulcer, even though the existence of the conditions 
experimentally induced in animals has not been 
demonstrated in patients with duodenal ulcer. 

In reality, the pathologic physiology underlying 
formation of duodenal ulcer has not been studied 
to any great extent in man. Only one fact has 
been clearly demonstrated, namely, that the aver- 
age gastric acidity of patients with duodenal ul- 
cers is greater than that of normal persons (8, 9). 
It has not been shown that the entrance of more 
than average amounts of acid from the stomach 
into the duodenum in patients with duodenal ulcer 
creates an abnormally acid condition in the 
duodenum. 

Some effort has been made to determine the 
hydrogen ion concentration of the duodenal con- 
tents of normal persons but the information 
gained has been fragmentary (10 to 16). De- 
termination of hydrogen ion values usually has 
been on single specimens obtained by duodenal 
intubation at long intervals or on block samples 

1 Abridgment of thesis submitted by Dr. Kearney to 
the Faculty of The Graduate School of The University 
of Minnesota in partial fulfillment of the requirements 
for the degree of M.S. in Surgery. 


collected over varying periods. In none of these 
observations has the behavior of values for pH 
been studied in relation to gastric acidity. Even 
less is known about the hydrogen ion concentra- 
tion of the duodenal contents of patients with 
duodenal ulcer. Morton’s work is the first and 
only attempt to study this problem so far as we 
can find (17). He reported that free acid was 
present in the duodenal contents of patients with 
peptic ulcer, whereas free hydrochloric acid was 
not recovered from the duodenal contents of per- 
sons without ulcer. His determinations were 
made one hour after an Ewald test meal and on 
single specimens obtained with the duodenal tube. 
These data obviously give an incomplete picture 
of the changes in hydrogen ion concentration of 
normal persons and of patients with duodenal 
ulcer. 

In this investigation we propose to study the 
hydrogen ion concentration of the duodenal con- 
tents of normal persons with varying degrees of 
gastric acidity in order to obtain a norm, and of 
patients with duodenal ulcer in the hope of finding 
some variation from the normal behavior of the 
hydrogen ion concentration of the duodenal con- 
tents which might have some bearing on the cau- 
sation of ulcer. 

MATERIAL 

A total of thirty-four successful series of observations 
was performed on seven normal subjects, and twenty suc- 
cessful series of observations on thirteen patients with 
duodenal ulcer. The duration of the observations on 
normal subjects totaled eighty-seven hours and on pa- 
tients with duodenal ulcer fifty-one hours. 

METHODS 

The duodenal tube was introduced into the duodenum 
after a fast of twelve hours. That the tip of the tube 
was located in the second portion of the duodenum was 
confirmed by roentgenologic examination. The duodenal 
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contents were withdrawn continuously, a negative pres- 
sure of 14 inches (36 cm.) of water being used. A flow 
of duodenal contents sufficient for determination of the 
values for hydrogen ion concentration was obtained at 
all times with the exception of a few short intervals 
during a total of more than 130 hours of continuous 
aspiration. In the early observations the pH value was 
determined on block samples at five- to ten-minute in- 
tervals by means of a platinum quinhydrone electrode 
with a Leeds-Northrup potentiometer. In a majority of 
the determinations, however, a Cameron glass bulb elec- 
trode was used; in these observations the contents from 
the duodenum were drawn through a small chamber into 
which the glass bulb electrode projected and at two- 
minute intervals the flow was interrupted for a few sec- 
onds sufficient to make the determination. 

Possible errors in data arising from technic 

The constant removal of duodenal contents shortens 
the time during which the hydrochloric acid normally re- 
mains in the duodenal cavity. This may diminish the 
response of the hormonal mechanism that stimulates the 
flow of bile and pancreatic juice or that which depresses 
the secretion of acid by the stomach. The pH values 
obtained may not, therefore, be the pH values in the 
undisturbed fasting duodenal contents. However, any 
error arising from the technic will affect in a similar 
manner values obtained from normal persons and from 
patients with duodenal ulcer and should not affect the 
validity of data for comparison of the behavior of values 
in the two groups of patients. 


Data from normal persons 

The gastric contents of normal Subject 1 did 
not contain free hydrochloric acid after stimula- 
tion either with the water carbohydrate meal or 
with histamine (Table I). During two series of 
observations lasting a total of nearly three hours, 
pH values varied from 6.7 to 7.7. 

The gastric contents of normal Subject 2 ob- 
tained under fasting conditions or after stimula- 
tion with the water carbohydrate meal did not con- 
tain free hydrochloric acid, but after stimulation 
with histamine in doses of 0.1 mgm. per 10 kgm. 
of body weight the free hydrochloric acid attained 
a value of 26 clinical units and the 129 cc. of 
gastric contents recovered during the sixty min- 
utes following stimulation contained 25 cc. of 
tenth normal hydrochloric acid (Table I). In 
spite of the fact that the stomach of this subject 
was able to secrete acid in small quantities after 
stimulation with histamine, the pH values fluctu- 
ated from 6.0 to 7.5 and did not fall below 6 dur- 
ing the entire period of the observations (three 
hours), thus remaining in practically the same 
range as did the values obtained from normal 
Subject 1 with true anacidity. 

The gastric secretory activities in normal Sub- 


TABLE I 


The gastric secretory activity and the percentage of total duration of observations during which various pH values of duoitr.a 
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4 

5 

6 
7 


Average 
3, 4, 5, 
6 and 7 
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of 
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0 
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2 
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0 
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25 

26 

1 
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54 
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99 
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1568 

50 
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94 
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56 
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Percentages of total duration of observations during which vano^ 
pH values of duodenal contents were obtained 


i.i 

to 

2 

2.1 

to 

3 

3.1 

to 

4 

4 

and 

below 

4.1 

to 

5 

5.1 

to 

6 

6 

and 

below 

6.1 

to 

7 

0 

0 

0 

0 

5.2 

0 

7.5 

0 

0 

0 

4.2 

7.6 

7.8 

11.3 

0 

0 

2.7 

7.8 
8.3 

14.7 

14.0 

0 

0 

2.7 

12.0 

21.1 

22.5 

32.8 

0 

0 

6.6 

7.3 

11.6 

17.1 

13.3 

0 

0 

48.4 
32.9 

45.2 

19.4 

15.2 

0 

0 

57.7 

52.2 
77.9 
59.0 

61.3 

29.7 

8S.S 

38.0 

37.4 

22.0 

32.5 
34.0 

2.54 

6.18 

9.50 

18.22 

11.18 

32.22 

61.62 

32.78 


* Values in clinical units one hour after ingestion ot mem. 
j Values obtained in the one-hour period after stimulation. 


% Totals for all seven subjects. 
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to 

7.9 


70.3 
14.2 
43 

10.4 
0.1 
s.s 

4.7 


5.60 
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jects 3, 4, 5 and 6 were similar to one another and 
moderate (Table I). The behavior of the pH 
values of the duodenal contents in these subjects 
is illustrated in Figure 1. The roentgenograms 
showed the tip of the tube to be in the second por- 
tion of the duodenum; the glass bulb electrode 
was used. During the first eight minutes a 
slightly cloudy amber fluid with pH values vary- 
ing between 6.7 and 4.5 was obtained. The con- 
tents then changed in gross appearance, becoming 
very cloudy and containing much gastric secretion. 
The pH values dropped below 3 within ten min- 
utes; then the gross appearance of the duodenal 
contents again changed, becoming amber, and the 
pH values rose to 5.5, a level at which they re- 
mained for the next sixty minutes. The material 
then grossly appeared to be a mixture of bile and 
gastric contents and the pH values dropped to 
about 3 or below for ten minutes; then a flow of 
clear amber fluid occurred and the pH values rose 
.to 6.5 and remained at about this level until the 
end of the observation was reached. 

The flow of add gastric material from the duo- 
denal tube was followed promptly by a flow of 
amber colored fluid in this and other observations 
on these subjects. This means that the entrance 
of acid gastric material into the duodenum 
promptly evoked a secretion of bile and pancreatic 
juice. The frequency and duration of the periods 
during which add gastric material was obtained 
from the duodenum varied considerably. How- 
ever, the excursions of pH values below 4 never 
lasted more than twenty minutes and 78 per cent 
of the excursions lasted ten minutes or less. The 


tendency for’ the values to be maintained in the 
upper less acid levels is definite. The percentage 
of duration of each observation on each subject 
during which the pH values were below 4 was 
greater than 25 in only one observation (reaching 
37 per cent). Moreover, the values remained 
above 6, 42.3, 47.8, 22.1 and 41 per cent of the 
time and fell below 4 only 2.7, 12.0, 21.1 and 22.5 
per cent of the total time during which values 
were determined, respectively, in Cases 3, 4, 5 and 
6 (Table I). In this connection it is interesting 
that the pH values fell below 2 in Case 5 only 
and then only for 5.2 per cent of the total time 
during which values were determined in this case. 

It appears that the stomachs of these normal 
persons (Cases 3, 4, 5 and 6) were emptying acid 
into the duodenum only a little more than half 
the time. If free hydrochloric acid was entering 
the duodenum a greater part of the time than the 
figures in Table I indicate, the duodenal contents 
were present in such quantities and of such alka- 
linity that the quantity of free acid entering the 
duodenum could depress the pH values below 6 
only a little more than half of the time. It also 
appears that the response of outflow of bile and 
pancreatic juice to the entrance of highly acid 
gastric contents into the duodenum was prompt 
and in quantities sufficient to prevent the exist- 
ence of free hydrochloric acid (pH value below 
4) in the lumen of the duodenum for long periods. 
Such behavior may be considered normal for 
healthy persons whose stomachs are capable of 
secreting the more moderate amounts of arid. 

The free hydrochloric arid was obtained from 





224 


R. WYNN KEARNEY, MANDRED W. COMFORT, AND ARNOLD E. OSTERBERG 


the stomach of normal Subject 7 in quantities well 
above the average for normal persons (Table I). 
Seventy per cent of the excursions of the pH 
values of the duodenal contents below 4 lasted ten 
minutes or less, a figure that is not very different 
from that (78) obtained in Cases 3, 4, 5 and 6. 
However, the excursions of pH values below 4 
lasted longer than twenty minutes in three in- 
stances (twenty-five, thirty and thirty-two min- 
utes). The percentage of duration of each ob- 
servation during which the pH values were below 

4 varied more widely in Subject 7 than in Sub- 
jects 3, 4, 5 and 6, the percentage being greater 
than 25 in three of six observations, whereas it 
was above 25 in only one of twenty-four observa- 
tions in Subjects 3, 4, 5 and 6. The percentages 
of duration of observations 3 and 6, Subject 7, 
during which the pH values were below 4, were 
50 and 51, respectively. Such percentages are 
seen in some subjects with duodenal ulcer but are 
far below those seen in most cases with this dis- 
ease. The pH values were below 4 in a slightly 
greater percentage of the duration of all observa- 
tions on Subject 7 (32.8 per cent) than in Cases 
3, 4, 5 and 6 (2.7 to 22.5 per cent, Table I). 

In other words, a greater secretion of acid by 
the stomach of normal Subject 7 than by the 
stomachs of normal Subjects 3, 4, 5 and 6 caused 
the duodenal contents of Subject 7 to be slightly 
more acid than those from normal Subjects 3, 4, 

5 and 6. In spite of these differences, the pH 
values remained above 6 about the same percent- 
age of time in Subject 7, as noted in the observa- 
tions of Subjects 3, 4, 5 and 6, and the behavior 
of the pH values seen in Subject 7 was not far 
different from that encountered in normal Sub- 
jects 3, 4, 5 and 6. For the most part, the neu- 
tralizing and diluting mechanism in the duodenum 
of Subject 7 was almost as competent to take care 
of the larger amounts of acid pouring into the 
duodenum as was that of Subjects 3, 4, 5 and 6 
to take care of the smaller amounts of acid enter- 
ing their duodenums. 

A constant, direct relationship cannot be demon- 
strated in these seven normal subjects between 
the gastric secretory activity and the behavior for 
pH values of the duodenal contents. It is obvi- 
ous, however, that the behavior of the pH values 
of the duodenal contents is distinctly different in 
the case with low gastric secretory activity (Case 


2) from the behavior of the pH values of the 
duodenal contents in the cases with about average 
gastric secretory activity (Cases 3, 4, 5 and 6). 
Moreover, the behavior of pH values of the 
duodenal contents is at least slightly different in 
the cases with average gastric acidity from that in 
the case with high gastric acidity (Case 7). The 
amount of acid gastric juice entering the duo- 
denum seemingly does influence the behavior of 
the pH values in normal subjects. 


Data from patients with duodenal ulcer 


The behavior of the pH of the duodenal con- 
tents in Subject 8 with duodenal ulcer (Table II) 
resembles the behavior seen in the normal person 
with anacidity (Case 1, Table I) or that seen in 
the normal person with very low gastric acidity 
(Case 2, Table I). The gastric contents of Sub- 
ject 8 contained 44 units of free acid after the 
modified Ewald meal but did not contain any free 
acid in the fasting state. This may have some 
bearing on the occurrence of the high pH values 
(above 6.5) in the three hours during which de- 
terminations were carried out and on the apparent 
failure of acid to enter the duodenum during this 


period. 

The behavior of the pH values in Subject 9 
with duodenal ulcer is similar to that seen in the 
normal individual with average gastric secretor} 
activity in spite of the ability of the stomach of 
this patient to secrete acid in amounts greater than 
average. The diluting and neutralizing naecha 
n ism of the duodenum appears capable of caring 
for any excess secretion of acid that may ha\£ 
occurred in this series of observations. 

In the first series of observations on Subjec 
10 with duodenal ulcer, the pH values were be oft 
2, 81 per cent of the time, whereas in the sec0 ^ 
series of observations on the same subject ti 
values were above 6, 100 per cent of the tim 
Such marked variability in the pH values ^as un^ 


usual; in other cases in which two senes 


rases in vnuv.it w 

servations were made the distributions o P 

values were similar. -a. 

The behavior of the pH values in subjects 
duodenal ulcer (Subjects 11 to 20, 
remarkably consistent and similar. * ^ 

is illustrated in the observations on Su i }* 
tvith duodenal ulcer (Figure 2). inf « 
-ontents at the start obviously contained mu 
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TABLE II 

The gastric secretory activity and the percentage of total duration of observations during which various pH values of duodenal 

contents were obtained in thirteen patients with duodenal ulcer 
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Averages 9, 11. 12, 
18, 19 and 20 

13, 14, 15, 16, 17, 

20: 

3078* 

43.12 

18.30 

61.42 

8.75 

70.17 

7.99 

1 

78.16 

12.13 

90.29 

9.08 

99*37 

0.63 

100.0 


* Values in clinical units one hour after ingestion of meal. % Totals for all thirteen subjects, 

t Values obtained in the one-hour period Ster stimulation. 


gastric secretion and little duodenal secretion. 
The gross appearance did not change for thirty- 
four minutes and during that time the pH values 
fluctuated between 1.30 and 2.20. The contents 
then intermittently contained more duodenal se- 
cretion and the pH values fluctuated wildly be- 
tween 2.0 and 7.1 for fifty-six minutes, the pH 
values at the upper levels not lasting for longer 
than eight minutes at any one time. During the 
remainder of the observations the contents recov- 
ered appeared to be largely gastric juice and the 
pH values remained between 1.10 and 1.5 all the 


time, with the exception of one period when the 
values rose to 6.25 for six minutes. 

In this, as well as in other observations on pa- 
tients with duodenal ulcer, the flow of acid gastric 
material from the tube was not always followed 
by a fairly prompt flow of amber colored fluid 
such as was usual in normal persons. In fact, the 
acid gastric juice was at times recovered almost 
unmixed with duodenal juice for fairly long pe- 
riods. This means that the entrance of acid gas- 
tric material into the duodenum did not evoke the 
usual prompt secretory response on the part of 
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the liver and pancreas that it did in normal indi- 
viduals. The frequency and duration of the pe- 
riods during which acid gastric juice was flowing 
from the duodenal tube varied considerably, just 
as in normal persons. However, the excursions 
to a pH value below 4 lasted longer than in normal 
subjects. Of the excursions below a pH value 
of 4, 53.4, 66.2 and 33.8 per cent lasted ten min- 
utes or less, twenty minutes or less and twenty- 
one minutes or more, respectively. Excursions 
lasting twenty to thirty minutes occurred nine 
times, thirty to forty minutes four times, forty 
to fifty minutes five times, fifty to sixty minutes 
five times, seventy to eighty minutes twice, eighty 
to ninety minutes twice, 130 to 140 minutes once 
and 170 to 180 minutes once. 

In some of the series of observations the dura- 
tion of the periods when pH values were above 4 
was so short that one might more properly speak 
of excursions above 4 than of excursions below 4. 
There was also a distinct tendency for the pH 
values to remain in the highly acid side of the 
range: thus, the pH values fell below 6, 70, 80 
and 90 per cent of the time, respectively, in eleven, 
ten and six of the thirteen cases; below 4 for 50, 
60 and 90 per cent of the time, respectively, in 
ten, seven and four of the thirteen cases studied. 

A pH value as low as that seen for the acid 
gastric contents occurred in all but two subjects 
and for as much as 93.8 per cent of the time. A 
pH value below 4 occurred in all but Subject 8; 
the percentage of the duration of the observations 
during which pH values below 4 occurred varied 
from 30 to 98. 

It appears that in a majority of cases of duo- 
denal ulcer the fasting stomach pours acid into 
the duodenum during a high percentage of time, 
and that the outpouring of bile and pancreatic 
juice may be, but usually is not, in sufficient quan- 
tities to raise the pH values above 6. It also ap- 
pears that the secretory response to the entrance 
of acid may be delayed so that there is little ob- 
vious effort on the part of the liver and pancreas 
to dilute and neutralize the acid for long periods. 
The duodenal contents remained highly acid a 
great part of the time. 

The widely recognized variability of the re- 
sponse of the gastric secretory mechanisms to 
stimulation either with the carbohydrate water 


meal or histamine may explain why no paral- 
lelism can be satisfactorily demonstrated in pa- 
tients with duodenal ulcer between the degrees oi 
secretory activity of the stomach and the behavior 
of pH values of the duodenal contents (Table II). 
Another possible explanation exists, namely, that 
the capacity for the neutralization of acid by the 
duodenum varies just as does the amount of add 
entering the duodenum. Probably both variables 
influence the levels of hydrogen ion concentration. 


SUMMARY AND CONCLUSIONS 


The pH values of the duodenal contents re- 
moved through duodenal tube by continuous as- 
piration under negative pressure have been deter- 
mined under fasting conditions in normal persons 
and in patients with duodenal ulcer. The pH 
values obtained in the fluid removed by tube may 
not be identical with those of the undisturbed 
contents because of the continuous removal of the 
duodenal contents and the shortened period of ac- 
tion of the acid gastric contents on tire hormonal 
mechanisms, but the values may be used for com- 
parative purposes since the same errors would ex- 
ist in the data obtained from both normal persons 
and patients with duodenal ulcer. 

It may be said that a rough parallelism exist 
between the degree of gastric secretory activity 
and the pH value of the duodenal contents of nor 
mal persons: the greater the secretory activity', e 
lower are the pH values. The same parallelism 
cannot be satisfactorily demonstrated in subjects 
with duodenal ulcer, a fact which suggests t n 
there is a variability in the capacity of the no- 
denum of patients with duodenal ulcer to neutra 


ize acid entering the duodenum. ., 

The flow of a mixture of amber fluid and ao 
gastric contents from the tube usually is follo^ 
within a few minutes by an increased flow 0 SI ^ 
ber fluid in normal persons, whereas this respon^ 
is often delayed for varying lengths of bi^ 
patients with duodenal ulcer. This suggests 
some disturbance of hormonal or chemical m ^ 
nism controlling the response of liver an 
creas to the entrance of acid gastric juice m ^ 
duodenum exists in some patients with 1,0 


ulcer. _ . 

The behavior of pH values in patien ^ 
duodenal ulcer contrasts with that seen in 
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persons. The pH values fell below 6, 4 and 2, 
respectively, 62, 18 and 3 per cent of the total 
duration of combined observations on normal per- 
sons whose gastric contents contained free hydro- 
chloric acid and below 6, 4 and 2, respectively, 90, 
70 and 43 per cent of the duration of combined 
observations on patients having ulcer in which 
there was evidence of entrance of acid gastric se- 
cretion into the duodenum. The percentage of 
time during which the pH values were below 4 
(the point at which free hydrochloric acid becomes 
titrable) was four times and below 2 (values com- 
monly seen in the acid gastric contents) twenty 
times as great in patients with duodenal ulcer as 
in normal individuals. Of the excursions of pH 
values below 4, 78, 100 and 0 per cent lasted ten 
minutes or less, twenty minutes or less, and 
twenty-one minutes or more, respectively, in nor- 
mal persons with average gastric secretory ac- 
tivity, whereas 53, 66 and 34 per cent of the ex- 
cursions of pH values below 4 lasted, respectively, 
the same length of time in patients with duodenal 
ulcer. 

In short, the pH values were lower on the 
average, reached lower levels, and remained there 
for a longer period in patients with duodenal ulcer 
.than in normal persons. The duodenal mucosa of 
patients with duodenal ulcer was bathed in a 
more highly acid fluid for longer periods than in 
normal persons. 

The more highly acid conditions of the duodenal 
contents in patients with duodenal ulcer appear 
to be due ( 1 ) to larger quantities of acid gastric 
juice entering -the duodenum; (2) to a relative, if 
not an absolute deficiency of neutralizing and di- 
luting fluid, and ( 3 ) to a disturbance of neutraliz- 
ing and diluting mechanism indicated by delayed 
appearance of amber colored duodenal contents 
following the entrance of acid gastric contents 
into the duodenum. 
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The occurrence of riboflavin deficiency in man 
has been described by several investigators (1 to 
5). Since urinary excretion tests have proved to 
be of considerable value in the diagnosis of thi- 
amin and ascorbic acid deficiencies, the present 
study was undertaken to determine the value of 
such tests in the diagnosis of riboflavin deficiency. 

A pronounced decrease in the urinary riboflavin 
excretion has been observed in rats and dogs main- 
tained on riboflavin-low diets (6, 7, 8). Spies, 
Bean and Ashe (9) have reported a decrease in 
the amount of riboflavin present in the urine of 
pellagrins with riboflavin deficiency, and Emmerie 
(10) has observed that urinary riboflavin excre- 
tion of a subject on a diet restricted in riboflavin 
was 43 to 60 per cent of that observed when the 
subject was on a normal diet. Both groups of 
investigators (9, 10) noted that the administration 
of riboflavin was followed by a rapid excretion 
of the vitamin in the urine. Neuweiler (11) re- 
ported a case of ariboflavinosis in an infant who 
completely retained large doses of riboflavin. 

MATERIAL AND METHODS 

Five patients in the Nutrition Clinic of the Hillman 
Hospital, Birmingham, Alabama, were chosen for this 
study. This group (Cases I, II, III, IV and V) con- 
sisted of malnourished persons who were suffering from 
a multiple vitamin deficiency. They were hospitalized 
throughout the study and were restricted to diets de- 
ficient in various members of the vitamin B-cotnplex 
during the course of the investigation. 2 Two patients 
(Cases VI and VII) from the Hillman Hospital were 

1 These studies were aided by grants from the John 
and Mary R. Markle Foundation and the Wisconsin 
Alumni Research Foundation. 

2 The diets employed had the following compositions : 
Diet A % Hominy grits, cornmeal, white flour, sugar, pork 
fat, sweet potato, cabbage, spinach, furnishing approxi- 
mately 300 micrograms of riboflavin per 2,000 calories. 
Diet B. Hominy grits, white flour, cornmeal, French 
bread, Karo syrup, sugar, black-eyed peas, salt pork, lard, 
tomato juice, furnishing negligible amounts of riboflavin. 


used as controls and were kept on the regular hospital 
diet. Case VI was convalescing from a severe burn, and 
Case VII had recently recovered from an attack of em- 
pyema. Both were in a good state of nutrition during 
the observation period. 

Twenty-four-hour urine specimens were collected from 
each patient in dark bottles containing 1 cc. of glacial 
acetic acid and a small amount of toluene. The volume 
was measured and aliquots were brought to pH 6.6 and 
stored in the refrigerator under toluene. Samples were 
collected over a period of two to four weeks. 

The riboflavin content of the urine was determined by 
the microbiological method of Snell and Strong (12). 
The reliability of this method for the determination of 
both the free and combined forms of riboflavin in a 
number of biological fluids has been adequately estab- 
lished (12, 13). When necessary, the urine was diluted 
with distilled water in order to adjust the riboflavin 
content to the correct assay range (approximately 0.1 
microgram of riboflavin per ml.). All assays were 
made at three different levels, each level being run in 
duplicate. It was found that the sample of urine could 
be stored in the refrigerator for a period of two weeks 
with no loss in the riboflavin content. 

The “ saturation ” tests were performed by adminis- 
tering riboflavin through intravenous injection and de- 
termining the riboflavin content of the following twenty- 
four-hour urine specimens. Two hundred micrograms 
of riboflavin per kilogram of body weight were given to 
all patients except Case I who received 400 micrograms 
per kilogram of body weight. In order to study the 
rapidity with which the riboflavin was excreted after in- 
jection, urine specimens were taken at varying intervals 
in the case of Subjects I, II, III and IV. 

RESULTS 

The average daily riboflavin excretion for the 
patients maintained on the deficient diets was as 
follows: Case I, 59 micrograms; Case II, 61 mi- 
crograms; Case III, 58 micrograms; Case IV, 91 
micrograms and Case V, 65 micrograms. The 
values ranged between 58 and 91 micrograms. 
The variation from day to day was small. For 
example, the daily riboflavin excretion of Case I 
varied from 53 to 69 micrograms over a period 
of one week. It is evident that the riboflavin ex- 
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cretion of these patients was very low and dis- 
tinctly lower than that of Case VI and VII on the 
regular hospital diet who excreted 236 and 270 
micrograms, respectively. The riboflavin excre- 
tions for these normal patients were also some- 
what low since Strong et al ( 14) found the daily 
riboflavin excretion for twelve normal subjects to 
range from 477 to 835 micrograms, with an aver- 
age value of 625 micrograms. The most logical 
explanation for the rather low values for the two 
normal cases in this study is that the total food 
intake of these patients during hospitalization was 
considerably lower than that of the normal and 
active individuals studied by Strong et al (14). 
It is our belief, therefore, that the twenty-four- 
hour urinary riboflavin excretion values may be 
used as an indication of the dietary intake of 
riboflavin. Some idea of the degree of deficiency 
may be obtained by following the daily excretion 
of riboflavin for several consecutive days. These 
results are in agreement with those of Ferrebee 

(is>. 

The results of the “ saturation ” tests are given 
in Table I. No correlation could be found be- 
tween the daily urinary excretion of riboflavin and 
the degree of retention of a given test dose of 
riboflavin. Thus Case V, excreting 65 micro- 
grams of riboflavin per day before treatment, re- 
tained the same percentage of administered ribo- 
flavin as did Case VI who was excreting 236 
micrograms of riboflavin per day. Similarly, 
Cases I, II, HI and IV, with a very low daily 
urinary excretion of riboflavin, retained amounts 

TABLE i 


The effect of a diet low in riboflavin upon the daily urinary 
excretion of riboflavin and upon the retention of intravenously 
administered riboflavin 


Case 

Average daily 
excretion of 
riboflavin in 
the urine 

Riboflavin given 
by intravenous 
injection* 

Percentage of the 
test dose of 
riboflavin excreted 
in the urine 


micro grams 

micrograms 

per cent 

I 

59 

21800 

72 

II 

61 

14000 

51 

III 

58 

12200 

37 

IV I 

91 

11200 

63 

V 

65 

12700 

10 

VI i 

236 

11800 

10 

VII j 

270 




* These amounts of riboflavin are equivalent to 400 mi- 
crograms per kilogram of body weight m Case I and ^uu 
micrograms per kilogram of body weight in the other 
subjects. 


of a given test dose of riboflavin which were of 
the same order as those retained by two normal 
subjects studied by Strong et al (14). 

The rapidity with which riboflavin given by 
intravenous injection is excreted in the urine is 
shown in Table II. Thirty to 40 per cent of the 
administered riboflavin was excreted in the urine 
within one hour after injection in the three sub- 
jects who received 200 micrograms of riboflavin 
per kilogram of body weight. Forty-two per cent 
of the injected riboflavin was excreted within 
three hours in the subject who received 400 micro- 
grams of riboflavin per kilogram of body weight. 


The rate of excretion through the urine of intravenously 
administered riboflavin 


flpiin Micro grams of riboflavin excreted in the urine within tie stated 
£iy Cn lime intervals foliotring the injection’ 


time 

by 

intra- 
venous 

| injec- 

tS tion 15 30 60 2 


mxmtlts hours 

grams 

I 21800} I860 39SO 9260 11570 12350 1J}*® 

II 140001 1890 6240 6452 6665 6773 '»* 

III 12200} 4110 4346 4369 4415 44A 

IV 11200} 4400 5255 5903 6023 6021 6».a 


* Every value represents the total amount of riboflavin 
which has been excreted up to the given time following 
injection. _ . ... 

• t Equivalent to 400 micrograms of riboflavin per ki 
gram of body weight. . . , 

f Equivalent to 200 micrograms of riboflavin per ki 
gram of body weight. 


DISCUSSION 

The lack of correlation between the daily uri^ 
nary excretion of riboflavin and the degree 01 
retention of administered riboflavin makes it.evi 
dent that the riboflavin “saturation” test, as car 
ried out under our conditions, has but little 
agnostic value in subjects with a riboflarin e 
ficiency which is complicated with other vitarm 

deficiencies. . . 

The results of the “ saturation ” tests obtain 
with the human subject are in contrast with tios 
obtained with the dog. An uncomplicate n ^ 
flavin deficiency can be produced in the dOo ^ 
it has been found in this species that the de f r 
of retention of a test dose of riboflavin a rn,I "‘ 
tered either orally or subcutaneously is a meas 
of the severity of the riboflavin deficiency l )■ 
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rherefore, a dog suffering from a riboflavin de- 
iciency retains practically all of the administered 
iboflavin, while a normal dog excretes a signifi- 
antly larger percentage of the corresponding dose 
)f riboflavin. The test doses of riboflavin used 
n the dog experiments were similar to those em- 
?loyed in the human studies. It should be em- 
phasized that the “saturation" tests were per- 
formed on dogs with an uncomplicated riboflavin 
deficiency, while the human subjects in this study 
were suffering from a multiple vitamin deficiency. 
Thus further work is indicated in order to evalu- 
ate the effect of other nutritional factors upon 
the retention of a given test dose of riboflavin. 

SUMMARY 

1. The daily urinary riboflavin excretion of five 
patients consuming riboflavin-low diets and two 
patients on a hospital diet was determined. The 
results of these cases, together with those studied 
by Strong el al (14), indicate that there is a 
marked variation in the daily urinary riboflavin 
excretion which is correlated with the dietary in- 
take of riboflavin. Thus the determination of the 
daily urinary riboflavin excretion serves as an aid 
in judging the degree of riboflavin deficiency. 

2. Riboflavin " saturation ” tests, employing 
intravenous injections of 200 and 400 micrograms 
of riboflavin per kilogram of body weight, were 
carried out on six subjects. No correlation be- 
tween the amount of the test dose of riboflavin 
retained and the daily urinary riboflavin excretion 
was obtained. Therefore, no diagnostic value 
could be attached to the “ saturation " tests per- 
formed on the subjects of this study. 

3. The rate of excretion of riboflavin into the 
urine after injection was determined. A very 
rapid loss in the urine was observed. 


near the center of the lesions. He had tender calves, 
absent knee jerks and ankle jerks and absent appreciation 
of vibration below the hips. The diagnosis was multiple 
deficiency of vitamins of the B-complex, principally nico- 
tinic acid and thiamin. During this investigation ' his 
vitamin intake was controlled by Diet A. 

Case II. A 43-year-old white male was admitted to 
the hospital because of nervousness and pain in the epi- 
gastrium. Symptoms began March, 1940. He became 
dizzy, had frequent headaches, burning of the eyes, 
tongue and lips. He had lost his appetite and had alter- 
nate constipation and diarrhea. His diet at home con- 
sisted of a glass of milk daily, pork, dried fruit and 
vegetables, white bread, karo and butter. Both the bulbar 
and tarsal conjunctivae were extremely injected and his 
eyes watered continuously. His lips and buccal mucous 
membranes were red. There were superficial, dry ul- 
cerations at the angles of the mouth, and his tongue 
was red at the tip. There was mild tenderness in the 
epigastrium, his calves were tender to pressure and his 
ankle jerks were absent. The diagnosis was multiple 
deficiency of vitamins of the B-complex, principally nico- 
tinic acid, riboflavin and thiamin. During his hospital 
stay he was kept on control Diet B. 

Case III. A 27-year-old, colored female entered the 
hospital complaining of sore mouth and pain in the legs 
of two months’ duration. At the beginning of her ill- 
ness she had had scaly, red dermatitis on her fingers and 
hands but this had cleared. She had had frequent at- 
tacks of diarrhea, vomiting, sleeplessness, nervousness, 
and burning of the mucous membranes of her mouth. 
Her diet consisted of dried fruit and vegetables, corn 
bread, biscuits, fat meat and one egg per day. Her con- 
junctivae were injected and inflamed; her tongue was 
slick and red; the mucous membranes at the angles of 
the mouth showed atrophic changes frequently seen after 
recently healed cheilosis. The skin of the forearms, 
hands and fingers were hyperpigmented and rough. Her 
calves and the soles of her feet were tender; ankle jerks 
were absent, and the skin of her feet and ankles was 
hyperesthetic to stroke. The diagnosis was multiple de- 
ficiency of vitamins of the B-complex, principally nico- 
tinic acid, thiamin and riboflavin. During this investiga- 
tion she was maintained on control Diet A. 


Case IV. A 53-year-old; white male entered the Hill- 
CASE ABSTRACTS man Hospital with dermatitis on the arms and hands. 

Case I. A 39-year-old white male had been seen in complained of headache, dizziness, ringing in the ears, 

1939 with pellagra. When admitted to the hospital April * oss appetite, and burning and cramping of the legs. 
29, 1940, he complained of burning of the stomach, dizzi- was chronically addicted to alcohol and his usual 

ness, sore lips and tongue, and scaling, red ulcerated home diet consisted of three eggs per day, fat meat, dried 
skin on hands, forearms and legs. He was chronically fruits and vegetables, white bread, butter and desserts, 

addicted to alcohol and his diet at home consisted of fat His conjunctivae, particularly on the lower lids were 

meat, com bread, syrup, dried beans and fruit, and a inflamed and granular in appearance. His tongue was 

glass of milk per day. His tongue was red at the tip coated, and there were scars surrounded by mild ery- 

and the skin on his face and neck was rough and pig- thema at the angles of the mouth, suggesting healing 

mented; on his forearms, hands, feet and legs there was cheilosis. The skin was red, rough and desquamating, 

a dry, scaly, pigmented dermatitis with ulcerated areas There was a sharp border of demarcation between the 
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meningitis. These were chosen for use as anti- 
gens in a study of the agglutinins for Listerclla 
in the sera of patients with infectious mono- 
nucleosis. 

METHODS 

Cases. Control sera were obtained from patients on 
the wards of the hospital and from several of our associ- 
ates. The conditions from which these patients were 
suffering are tabulated with the results. Cases of infec- 
tious mononucleosis were observed both on our own 
wards and at the Stillman Infirmary of the Department 
of Hygiene, Harvard University. 1 Cases were diagnosed 
on the basis of clinical findings, the presence of abnormal 
lymphocytes and a preponderance of mononuclear cells in 
the blood smear, and the development of a positive sheep 
cell agglutination test during the course of the disease. 
Sera were obtained over as long a period as possible 
so as to follow cases during the recovery period as well 
as during the acute phase of the disease. 

Agglutination tests 

Reagents . Fresh 20-hour 0.2 per cent dextrose beef 
heart infusion broth cultures were used. These were 
adjusted to pH 7.4 to 7.6 with N/l NaOH just before 
use. Two strains were used: C. H. obtained by Carey 
in 1936, 2 from a child with meningitis, and UM. obtained 
by Dr. Theodore Steinberg in 1940 at the Chelsea Memo- 
rial Hospital 2 from a man with meningitis. C. H . be- 

1 We are indebted to the members of the staff of this 
department, particularly to Drs. M. Murray, A. Kranes, 
and E. Eppinger, for their cooperation in this work. 

2 The authors wish to thank Drs, C. V. Seastone and 
Carl Ten Broeck for sending strain C . H . from the col- 
lection at the Rockefeller Institute for Medical Research, 
Department of Animal and Plant Pathology, Princeton, 
New Jersey, and Mrs, Cornelia Dingle, Bacteriologist, 


longs to Julianelle's ruminant group, UM. to his rodent 
group serologically. All sera were taken with sterile 
precautions and stored at 5° C. until used. 

Tests . To 0.5 cc. of each serum dilution was added 
0.5 cc. of fresh neutralized culture in a small test tube. 
The mixture was thoroughly shaken, the tubes placed in 
a 37° C, water bath for 2 hours, and then in the refrig- 
erator overnight. Readings were made the following 
morning. The sera of both controls and patients were 
tested against the same batch of antigen on the same 
day so as to maintain complete uniformity of procedure. 

Sheep cell agglutination tests . The standard technique 
of Paul and Bunnell (12) was used. Sera were inacti- 
vated for 20 minutes at 56° C. To each tube was added 
0.5 cc. of serum dilution, 0.5 cc. of 2 per cent fresh 
washed sheep cells, and 1.0 cc. of sterile physiological 
saline. The tubes were shaken thoroughly, placed in the 
water bath at 37° C. for 1 hour, and then in the refrig- 
erator overnight. The next morning each tube was in- 
verted three times and the agglutination read as +++4- 
if all cells were agglutinated, as + if just a few clumps 
could be seen with the naked eye. Wassermann and 
Hinton tests were performed according to the standard 
technique by Miss Ruth Klabe, hospital serologist. 

RESULTS 

The results have been recorded in tabular form 
for convenience. In all the tables both the serum 
dilution used and the final dilution of serum after 
mixture with the antigen are recorded for com- 
parison with the results of other workers, some 
of whom use one figure, some the other. 

Table I shows the results of the sheep cell ag- 
glutination test on the control sera. It will be 

Joseph Pratt Diagnostic Hospital, Boston, for makfe 
strain UM . available to us. 


Serum 


L. H. 

P. B. 

J, W. 

G. D. 

C. A. J. 

M. R. 
W.S. 
M.G. 

D. G. 

W. F. 

A. F. 
W.H. 

M. B. 

E. W. 
A.R. 

J. DeM. 
M. W. 

W. McK. 

S.M. 

J.S. 


Control sera . 


TABLE I 

Sheep cell agglutinalioji tests 


Serum dilution . 


Final dilution. 


Diagnosis 


Normal 

Normal 

Normal 

Normal 

Normal 

Carcinoma of lung 
Retroperitoneal sarcoma 
Pelvic inflammatory disease 
Proteus infection 
Proteus infection 
Proteus infection 
Proteus and B. Welchi infection 
Disseminated lupus erythematosus 
Disseminated lupus erythematosus 
Pneumonia, horse serum Rx. 
Pneumonia, horse serum Rjc. 
Serum disease 
Pneumonia, no serum 
Hemolytic streptococcus infection 
Hemolytic streptococcus infection 


1 : 2 

1 : 4 

1 : 8 

1 : 16 

1 :32 

1 : 64 

1 : 128 

1 : 256 

Titer . 

1:8 

1 : 16 

1 : 32 

1 :64 

1 : 128 

X : 256 

1 :S12 

I : 1024 

(Final dilution. 









_ ------ 

444 4 

4 

0 

0 

0 

0 

0 

0 

U 16 

1 : 8 
n 

44 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 1 

0 

0 1 

0 

0 

2 

1 : 16 

1 : 32 

1 : 64 

1:8 

1:32 

' 1:16 

1 

t : 16 

1:32 

0 

444 

4 

0 

0 

O 

° 

0 

0 

4444 

44 

4 

0 

0 

0 

0 

0 

444 

444 

44 

4 

O 

0 


0 

44 

0 

. 0 

0 

0 

0 

n 

0 

0 

4444 

444 

4 

0 

O 

0 

0 

0 

44 

4 

0 

0 

0 


0 

0 

44 

0 

1 0 

0 

0 

1 0 

0 

I O 

44 

4 

0 

0 

0 

0 

0 

0 

444 

44 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

0 

0 

0 

0 

0 

0 

0 

1 :64 

1:236 

1 : 1024 

0 

4+44 

4444 

4444 

44 

0 

0 

0 

0 

4444 

4444 

444 

444 

444 

44 

0 

0 

4444 

4444 

4444 

4444 

444 

444 

44 

0 

4 

0 

0 

0 

0 

0 

0 

0 

1 ;I6 

0 

444 

44 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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TABLE II 

Sera from eases of infectious mononucleosis. Sheep cell agglutination tests 


Scrum 

Serum dilution .... 

1:2 

1:4 

1:8 

1:16 

1:32 

1:64 

1:128 

1:256 

Titer 

(Final 

dilution) 

Wasser- 

mann 

Hinton 

Final dilution 

1:8 

1:16 

1=32 

1:64 

1:128 

1:256 

1:512 

1:1024 

Day 

ol 

dis- 

ease 

Severity 









D. B. 

4 

Severe 

+ + + 

0 

0 

0 

0 

0 

0 

0 

1:8 

0 

0 

D.B. 

8 


++++ 

+ + + + 

+ + + + 

+ + + 

+ + + 

0 

0 

0 

1:128 

0 

0 

D. B. 

15 


+ 4=4=4:* 

4= =4 4= =4 

+ + + + 

+ + + + 

+++ 

+ + + 

+ + 

+ 

1:1024 

0 

0 

D. B. 

21 


+ 4= * 4= 

4= 4= 4= 4= 

=4=44=4= 

+ + + 

+++ 

+ + + 

+ + 

0 

1:512 

0 

0 

D. B. 

37 


— * — i — »— 

4= 4= =4 4= 

+ + + + 

+ + 

+ 

0 

0 

0 

1:128 

0 

0 

A. G. 

15 

Severe 

4:41*4: 

4= 4= 4= 4= 

+ + + + 

+ + + + 

+ + + 

+ + 

0 

0 

1:256 

0 

0 

A. G. 

25 


+ + + + 

4= =4 4= 4= 

+ + + + 

+ + + + 

+ + + 

+ 

0 

0 

1:256 

0 

0 

A. G. 

31 


< 1 u 

4- 4- 4- 4- 

+ + + + 

+ + + + 

+ + + 

++ 

0 

0 

1:256 

0 

0 

A. G. 

65 


“i — ! — i — r~ 

4-4* 4* 4* 

+ + + 

+ + + 

+ + 

0 

0 

0 

1:128 

— 

0 

M. L. R. 

5 

Moderate 

4: 4: 4: 4: 

=44=4=4= 

+ + + + 

+ + + + 

+ + + + 

++ 

++ 

+ 

1:1024 

0 

0 

M. L. R. 

17 


+ + + + 

=4=44=4= 

=4=4=44= 

+ + + + 

+ + + + 

+++ 

++ 

+ 

1:1024 

0 

0 

M. L. R, 

45 


4: 4= 4= 4= 

+ 4- 4- + 

+++ + 

+ + + + 

+ + + 

+ + 

+ 

0 

1:512 

0 

0 

A. H. 

8 

Moderate 

-4 1 1 t- 

=4=4=44= 

4= 4= 4= 4= 

+ + + + 

+ + + + 

+++ 

+ + 

0 

1:512 

0 

0 

A. H. 

15 


H 1 1 1- 

=4=4=44= 

~i — t- -j — L- 
-i — l — i — t- 

=44=4=4= 

+ + + + 

+ + + + 

++++ 

+++ 

1:1024 + 

0 

0 

C.M. 

? 15 

Moderate 

=44=4:4: 

=4=4=44= 

=44=4=4= 

=4 =4 4= =4 

+ + + + 

+ + + + 

1 + + + 

+++ 

1:1024 + 

0 

0 

C. M. 

? 23 


4= 4= 4= 4= 

=4=4=44= 

=4=44=4= 

+ 4=4=4= 

+ + + + 

+ + + + 

+ + + 

+++ 

1:1024 + 

1 0 

0 

o.s. : 

? 14 j 

Mild 

4= 4= 4= 4= 


4= 4= 4= 4= 

+ + + + 

+ + + + 

+ + + + 

+++ 

+ 

1:1024 

0 

0 

R, S. 

?21 1 

Mild 1 

++++ 

=4 4= =4 =4 

*4- — l l- 

-i — i — -r 

+++ + 

++ + + 

+++ 

1 +++ 

1 + 

, 1;1024 

, o 

0 

A, L. 

10 

Questionable 


4- 4-4-4* 

+ + + 

+ + 

0 

0 

0 

0 

1:64 

0 

0 

A. L. 

15 

l 

++++ | 

4- 4- + + 

+ + + + 

+ + 

++ 

0 

0 

0 

1:128 

0 

0 

P.M. 

? 15 

Mild 

•V -4- *4* | 

T- -t- , 

4= 4= 4= =4 

=4=4=44= 

+ + + + 

++++ 

+ + + 

++ 

++ 

1:1024 

0 

0 

X B. 

9 

Questionable 

++ | 

0 

0 

0 

0 

; o 

0 

0 

1:8 

0 

0 

D. M. 

10 

Mild 

=44=4=4= 1 

=4 =4 4= =4 

4=4=4= + 

+++ + 

++++ 

+ + + + 

++++ 

+++ 

1:1024 + 

0 

0 

Xg. 

? 

Questionable 

+ + + + 

+4-4*+; 

++ + + 

+ +++ 

++++ 

+ + + + 

++ 

0 

1:512 

0 

0 

m.l. ~ 

24 

Very ■severe 



+ + + + 

+ + + + 

+ + + 

++ 

+ + 

+ 

0 

1:512 

0 

0 

M» Lu 

82 


+ 4- + + 

! 

+ + + +: 

1 

+ + + 

+ + 

+ 

! 0 

0 

0 

1:128 




* Represents very strong reaction. 


✓* 

'* noted that most of these fall within the normal 
f r ^nge given by most authors, namely 1 : 64 (final 
dilution) or less. The three exceptions occur in 
the sera of patients who had received horse serum 
for the treatment of pneumonia, and the highest 
^ titer, 1 ; 1024, was recorded in a patient with serum 
disease. It has been known for some time that the 
• in jection of horse serum would lead to the pro- 
'' Auction of " heterophile ” antibodies. Davidsohn 
X (13) has shown that these may be distinguished 
j from the sheep cell agglutinins of infectious 
■ rnononucleosis by their disappearance following 
;• absorption of the serum with fresh guinea pig 
' kidney. 

j j; In Table II are recorded the results of sheep 
| i ce ^ agglutination, Wassermann, and Hinton tests 
! !; on 13 cases o£ clinically diagnosed infectious 
; i 1 mononucleosis. In this group no false positive 
J s’ serological reactions for syphilis were noted, al- 


tnougn me last patient, m. l..,* had a positive 
spinal fluid Hinton when the blood Hinton was 
negative. All but 1 case, R. B., in whom the diag- 
nosis was questionable, showed a marked elevation 
of the titer of sheep cell agglutinins. D. B., our 
most adequately studied case, was followed from 
the fourth day until complete recovery occurred. 
In his serum the titer was observed to rise from a 
normal level of 1:8 on the fourth day to a peak 
of 1 : 1024 on the fifteenth day, and then gradually 
to fall back toward normal. These 13 cases rep- 
resent a fair cross section of the disease, with the 
severity varying markedly. I n accordance with 
the observations of others, there was no correla- 
tion between the severity of the disease and the 
titer of s heep cell agglutinins attained. 

3 The authors wish to express their aDoreeiatinn ♦ 
Dr i) tl ~ ineir appreciation to 

Dr. Ruth B. Thomas, Dover-Foxcroft, Maine, for send- 
ing the serum samples from this 
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TABLE III 

Control sera. Listerella agglutination 


Spjip dilution 

1 : 10 

1 : 20 

1 : 40 

1 :80 

1 : 160 

1 : 320 





"Fin?*! dilution 

1 : 20 

1 : 40 

1 ; 80 

1 : 160 

1 : 320 

1 : 640 

j Vrinai onuuon; 




Serum 






■ 

VS. C.H. 

vs. UM. 

L. H 

0* 

0 

0 

0 

0 

0 




ot 

0 

0 

0 

0 

0 

0 

0 

P. B 

+ 

0 

0 

0 

0 

0 




+++ 

++ 

0 

0 

0 

0 

1:20 

1:40 

T. W 

± 

0 

0 

0 

0 

0 




+ 

0 

0 

1 

0 

0 

0 

0 

1:20 

G. D 

+++ 

++ 

0 

0 

0 

0 


0 


0 

0 

0 

0 

0 

0 

1:40 

C. T 

0 

0 

0 

0 

0 

0 


1:20 


++ 

dr 

0 

0 

0 

0 

0 

M. R 


+++ 

+ 

0 

0 

0 

1:80 

1:20 


+ 

0 

0 

0 

0 

0 

w. S 

++++ 

+ + 

0 

0 

0 

0 

1:40 

1:40 


+ + + + 

++ 

0 

0 

0 

0 

M. G 

+ 

0 

0 

0 

0 

0 

1:20 

i .on 


+ 

0 

0 

0 

0 

0 


D. G 

dr 

0 

0 

0 

0 

0 


1:20 


+ 

0 

0 

0 

0 

0 

0 

W. F 

0 

0 

0 

0 

0 

0 

0 

1:20 


++ 

0 

o 

0 

0 

0 

A. F 

0 

0 

0 

0 

0 

o o 

0 

0 


0 

0 

0 

0 

0 

W H 

0 

0 

0 

0 

0 

0 

n 

0 


0 

0 

0 

o 

0 

o 

u 


M B 

± 

0 

0 

0 

0 

0 

0 

1:40 


+++ 

+ 

0 

0 

0 

0 

E W 

+ 

0 

0 

0 

0 

0 

0 

0 

1:20 

1:40 


++++ 

++ 

0 

0 


A R 

+ + 

0 

0 

0 

0 

0 

0 

0 

n 

1:20 

1:20 


+ 

0 

0 

u 


j DeM 

+ 

+ 

0 

0 

0 

0 

0 

0 

A 

1:40 

1:40 


++ 

+ 

0 

u 


MW 

0 

0 

0 

0 

0 

0 

0 

n 

0 

0 

1 

0 

1:20 


+++ 

rfc 

u 



W McK 

dfc 

0 

0 

0 

0 

0 

n 

0 

o 

0 

1:20 


+++ 

dr 

0 

U 




S M 

+ + + 

0 

0 

0 

0 

n 

0 

0 

| 0 

0 

1:20 

0 


0 

0 

u 



J.S 

± 

++ 

0 

0 

o 

0 

0 

0 

0 

0 

0 

0 

0 

1:20 

Pooled immune rabbit 

++++ 

++++ 

++++ 

++++ 

++++ 

++++ 

+++ 

+ + + + 

+ + 

+ + + + 

1:640 

1:6404- 


++++ 


tTH c 



t Lower line = vs. UM. 


* Upper line — vs. C. H. 
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Tables III and IV record the results of agglu- 
tination tests with representative strains of the 
two serological groups of the genus Listcrella . 
The data require little comment. The recorded 
titers are slightly higher for the cases of infec- 
tious mononucleosis than for the controls. No 
definite trends are observed in any particular case, 
the variations between samples being within the 
limits of error, with the possible exception of the 
last case, M. L. However, in her serum the titer 
for C. if. rose slightl}', while that for UM . fell 
during recovery. 

DISCUSSION 

This study was undertaken in order to see 
whether patients with infectious mononucleosis 
develop agglutinins for either of the two known 


serological -groups of the genus Listcrella . Al- 
though we have observed slightly higher agglutinin 
titers in the sera of infectious mononucleosis pa- 
tients than in the sera of normal people, or of 
those suffering from other diseases, the interpre- 
tation of this finding is difficult. The numbers 
in either series are not sufficiently large to elimi- 
nate the possibility that chance variation may ac- 
count for the observed differences. It might be 
an example of the anamnestic reaction, but many 
of the control sera were taken from patients with 
acute illnesses, and the sera of infectious mono- 
nucleosis patients failed to show a reduction in 
titer when they were obtained during convalescence. 

In view of Kolmeris (8) results, which we 
have confirmed, (9) the increased agglutination 
of Lisierella cannot be due to the presence of 


TABLE iv 

Sera from cases of infectious mononucleosis. Listerella agglutination 



M. L. R. 


Serum dilution 

1:10 

1:20 

Final dilution 

1:20 

1:40 

Day of 
disease 

Severity 



4 

Severe 

++* 

+ + +T 

0 

4-4- 

8 


ri — f — h 

0 

4-4- 

15 


4" 

4-4-4- 

0 

4-4- 

21 ! 


+ 

+ 4-4- 1 

0 

4- 

37 


+ ! 
4-4-4- i 

0 

4-4- 



Moderate 



Titer 

(Final dilution) 

Vs. C.H. 

Vs. UM. 

1:20 

1:40 

1:20 

1:40 

1:20 

1:40 

0 

1:40 

1:20 

1:40 

1:20 

1:40 

0 

1:40 

1:20 

1:40 

0 

! 1:40 


4- 

4-4~4- 


* Upper line = vs. C. H. 


t Lower line = vs. UM. 
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table iv— Continued 



Serum dilution 

1:10 

1:20 

1:40 

1:80 

1:160 

1:320 

Titer 

Serum 

Final dilution 

1:20 

1:40 

1:80 

1:160 

1:320 

1:640 

(Final dilution) 


Day of 
disease 

Severity 







Vs. C.H. 

Vs. UM. 

A . H . 

8 

Moderate 

+ + 

dz 

0 

0 

0 

0 



+ + + 

+ 

+ 

0 

0 

0 

1:20 

1:80 


15 


+ + + 

+ 

0 

0 

0 

0 





+ + + + 

+ + + 

++ 

0 

0 

0 

1:40 

1:80 

C. M. 

?15 

Moderate 

+ + + 


0 

0 

0 

o 



+++ 

+ 

0 

0 

0 

0 

1:40 

1:40 


?23 


++ 

0 

0 

0 

0 

0 





++ 

rib 

0 

0 

0 

0 

1:20 

1:20 

o . s . 

? 14 j 

Mild 

+ + + + 

+++ 

+ 

0 

0 

0 



1:80 

R , S . 1 

1 



+++ 

± 

0 

0 

0 

0 

| 


?21 

Mild 

+ + + 

dr 

0 

0 

0 

0 

1:20 

1:20 

A. L. 

| 

i 


+ 

+ 

0 

0 

0 

0 

■M 

• 

10 

Questionable 

++ 

0 

i 

0 

0 

0 

o 


1:20 

! 

15 


+ 

t 

1 0 

0 

0 

0 

0 

■ i 




1 ++ 

+ 

0 

0 

0 

; 0 


1:40 

P. M. 



+ + + 

+ 

0 

0 

0 

0 



?15 

Mild 

+ + + 

i 

+++ 

+ 

0 

0 

0 

1:40 

1:80 



* 

1 

! + 

0 

0 

0 

0 

0 


1:20 

R. B. 

9 

Questionable 

| ++ 

dr 

0 

0 

0 

0 

1:20 




+++ 

+ + 

0 

0 

0 

0 


1:80 

D. M. 

10 

Mild 

++++ 

+ + + + 

+ + 

0 

0 

0 

1:40 




++++ 

+ 4“ + + 

+ 

0 

0 

0 


1:80 

A. G. 

D 

Questionable 

+4-4-+ 

+ 4* 

+ 

0 

0 

0 

1:80 






+ + 

+ + 

+ 

± 

0 


1:320 

M. L. 

24 

Very severe 

— 

+ + + + 

++++ 

+4-+ 

+ 

0 




— 

+ + + + 

++++ 

++ 

zk 

0 


1:160 


82 


*“™“ 

+ + 4” 

4-4- 

+ 

0 

0 


sheep cell agglutinin, since anti -Listerella sera do 
not agglutinate sheep cells, nor do high titer anti- 
sheep cell sera agglutinate Listerella. 

Perhaps the strongest point against the signifi- 
cance of the increased titer found in the mono- 
nucleosis patients is the lack of any definite trend 
either upward or downward during the progres- 
sion of the disease and recovery from it. 

Unfortunately, we did not have access to Ny- 
feldt’s organisms obtained from what seem to be 
proven cases of infectious mononucleosis, so that 
we do not know whether they represent a different 
serological group. If this were the case, a distant 
antigenic relationship might explain the slight in- 
crease in titer found with our strains. However, 


we received Julianelle’s 4 type strains, one of 
which was obtained from the blood of a mono- 
nucleosis patient, and they fall into the two known 
groups so that this seems unlikely. One is f° rce _ 
to conclude that, if infectious mononucleosis > s 
caused by a member of the genus Listerella, t ® 
organisms remain localized, producing an ear) 
slight rise in agglutinin titer, and persist for long 
periods of time, thus maintaining this titer long 
into convalescence. The latter is not impossi e, 
in view of the prolonged, insidious course o ^ 
disease in many patients. However, it is e\i 


* The authors wish to express their apprecia 10 
)r. L. A. Juiianelle for sending these strains an 
laking his results available to us before their pubh 
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that unless the interpretation of our data is con- 
siderably strained, there is no conclusive sero- 
logical evidence for an etiological relationship be- 
tween the known strains of Listcrclla and infec- 
tious mononucleosis. 

Since the completion of this work, a report by 
Julianelle (14) has appeared which, in a larger 
series of cases, records results similar to ours. 
He failed to grow Listcrclla from the blood in 17 
out of 18 patients with infectious mononucleosis, 
the one exception being the case previously re- 
ported. We have studied throat cultures from 6 
patients, blood cultures from 5 acutely ill patients, 
and a lymph node from a patient in the florid 
phase of the disease with a sheep cell agglutina- 
tion titer of 1 : 512, and have never isolated any 
organisms resembling Listerella. Julianelle also 
reported finding a slightly elevated Listerella ag- 
glutination titer in 13 out of 35 patients with 
mononucleosis. 

SUMMARY 

1. The sera of 5 normal adults, 15 patients with 
miscellaneous diseases, and 13 patients with infec- 
tious mononucleosis, were tested for agglutinins 
against sheep cells and a representative strain of 
each of the two known serological groups of the 
genus Listerella (Bad, monocytogenes') . 

2. The results of the sheep cell agglutination 
tests were in accordance with the findings of many 
previous workers. 

3. The results of the Listerella agglutination 
tests showed a slightly elevated titer in the sera 
of the patients with infectious mononucleosis as 
compared to the control sera, 

4. There was no significant trend upward or 
downward in the Listerella agglutinin titer during 
the course of the disease or recovery from it. 

5. It is concluded that this study does not sug- 
gest any definite etiological relationship between 


the known Listerella organisms and infectious 
mononucleosis. 
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Clinically, it is difficult and often impossible to 
diagnose accurately the type of hepatic or biliary 
tract disorder in a jaundiced individual. The de- 
termination of the prognosis in these patients is 
likewise difficult. It is in this particular field that 
the available laboratory aids are least satisfactory. 
The lack of simple, sensitive, and yet specific 
methods for measuring the multiple functions at- 
tributed to the liver has notably contributed to the 
problem. 

Recent investigations by Hanger (1, 2) indi- 
cate that emulsions prepared from mixtures of 
sheep brain cephalin and cholesterol are flocculated 
by serum from jaundiced patients with active dis- 
turbances of the liver parenchyma. This sero- 
logical reaction was used to differentiate hepatog- 
enous from obstructive jaundice, since it was posi- 
tive in the former and negative in the latter type. 
Hanger concluded that the test was more sensitive 
in the detection of liver disturbances than the com- 
monly employed functional tests. Serial deter- 
minations proved to be of aid in estimating the 
degree and persistence of the disorder. Although 
the mechanism of the cephalin-cholesterol floccula- 
tion reaction is not clearly understood, Hanger 
(2) suggests that it depends upon the capacity 
of an altered serum globulin to become affixed to 
the colloidal elements of the emulsion. 

The purpose of the present investigation was 
to observe the cephalin-cholesterol flocculation re- 
action with sera from patients having a variety 
of hepatic and biliary tract disorders, and to com- 
pare these results with the clinical course and other 
laboratory data. 

METHODS 

Preparation of stock solution. The cephalin employed 
in the preparation of the stock reagent was prepared 
from fresh sheep brains in the manner outlined by Char- 
gaff (3) t except that the acetone extraction was carried 

x This study was aided in part by a grant from the 
Wisconsin Alumni Research Foundation, 


out 6 times instead of 3 to assure thorough dehydration. 
Approximately 750 mgm. of desiccated material rich in 
cephalin was obtained from a sheep brain of average size. 
The dehydrated material was immediately mixed with 
cholesterol and the stock ether solution prepared exactly 
as previously described (2). This reagent can be kept 
without deterioration in a glass-stoppered bottle in an 
ice box at 5° C. for at least one year. 

Technique for flocculation test . The cephalin-choles- 
terol test was performed in the manner described else- 
where (2). One cc. of the stock ether solution is slowly 
added with stirring to 35 cc. of distilled water. The 
mixture is warmed to from 65 to 70° C., slowly heated 
to boiling, and then permitted to simmer until the final 
volume is reduced to exactly 30 cc. All traces of ether 
are removed in this manner. After cooling to room 
temperature, 1 cc. of the milky, translucent emulsion is 
added to a centrifuge tube containing 02 cc. of the pa- 
tient’s serum and 4 cc. of freshly prepared 0.85 per cent 
sodium chloride solution. The mixture is thoroughly 
shaken, the tube stoppered with cotton, placed upright in 
a rack, and allowed to stand undisturbed at room tem- 
perature for 24 hours. At the end of this period nota- 
tion as to the presence or absence of flocculation is made. 
With normal human sera the emulsion persists as a stable 
homogeneous suspension. Pathological serum flocculates 
the lipoid material which tends to settle to the bottom 
of the tube. The positive reactions are graded 4, 44, 
4*4-4-, or 4444, depending on the amount of pre- 
cipitation and clearing in the upper portion of the sus- 
pension. As previously reported (2), few precautions 
are necessary. The present observations indicate that 
the serum should not be drawn more than 6 hours prior 
to the performance of the test. 

Material studied . Sera from 284 normal individuals, 
from 455 patients without evidence of liver or biliary 
tract disease, and from 141 patients with proven Hver 
or biliary tract disease were studied in the manner de- 
scribed. All but 5 of the patients were adults. Each 
patient in the latter 2 groups was hopitalized throughout 
the period of observation; the average period of obser- 
vation was 12.8 days. The cephalin-cholesterol floccula- 
tion test was performed at least twice a week on each 
of the patients. A control test was done on a normal 
serum on every occasion. 

The diagnosis was established in many of the 141 pa- 
tients with liver or biliary tract disease by histopatho- 
logical studies. In the remainder of the cases the diag- 
nosis depended upon the clinical findings and course, and 
the laboratory data. Abdominal surgery was done on 72 
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patients and in 14 instances a section of the liver was 
obtained for biopsy. Complete autopsy was performed 
on 32 of the 40 patients with liver or biliary tract dis- 
ease who died. Blood, urine, and stool examinations 
were done routinely. The urobilinogen in the urine of 
all jaundiced patients was determined quantitatively on 
repeated occasions. The icterus index and plasma pro- 
thrombin (4) were determined each time that a floccula- 
tion test was done. The serum albumin and globulin 
were measured at least once in 88 of the 141 patients 
with liver or biliary tract disease. Additionally, the 
galactose tolerance test and the hippuric acid synthesis 
and excretion test were frequently employed. 

RESULTS 

Flocculation test in normal individuals or pa- 
tients without evidence of liver or biliary tract dis- 
ease. The flocculation reaction was tested on sera 
obtained from 284 normal individuals and in no 
instance did significant flocculation occur. The 
test was also performed on the sera from 455 pa- 
tients with a variety of diseases, none of whom 
showed definite evidence of a liver or biliary tract 
disturbance. In this latter group a positive reac- 


tion was noted in 15 individuals. The diagnoses 
in these 15 cases were as follows: central nervous 
system syphilis under treatment with malaria (3 
cases), pneumonia (2 cases), thyrotoxicosis (2 
cases), and one case each of pelvic inflammatory 
disease, nephrosis, pyelonephritis, septic arthritis, 
scarlet fever, acute tertian malaria, pemphigus, 
and paroxysmal nocturnal hemoglobinuria. In 
several of these 15 patients there might well have 
been an associated liver disturbance but confirma- 
tory data were lacking. 

The remainder of this communication will be 
limited to a report of the observations on the 
group of 141 patients with hepatic or biliary tract 
disease. For convenience in obtaining a compara- 
tive analysis, these cases have been divided into 
5 groups, as follows: ( 1 ) cholecystitis without 
hepatic disease, (2) acute or subacute hepatitis, 
(3) cirrhosis of the liver, ( 4 ) obstructive jaun- 
dice, and (5) focal lesions of the liver. 

Flocculation reaction in cholecystitis without 
hepatic disease. Thirty-four patients with chronic 


TABLE i 

Flocculation reaction in 36 patients with acute or subacute hepatitis 


Case 

Initials 

Sex 

Age 

Diagnosis 

Baas for 
diagnosis 

Ceph alb- 
choles- 
terol 
floccu- 
lation 

Ic- 

ter- 

us 

in- 

dex 

Plas- 

ma 

pro- 

throm 

bb 

Hip- 

puric 

acid 

test 

Comments 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 1 

27 ! 

28 

29 I 

30 1 

31 

32 

33 

34 

35 

36 

M. Q. 

C. H. 

M. W. 

F. H. 

D. R. 

E. E. 
J.V. 

J. B. 

H. A. 

D. T, 

M. S. 

F. R. 

A. S. 

L. W. 

c. s. 
c. s. 

E. H. 

F. T. 

M. S. 1 
M. J. 

K. L. 

L. R. 

E. H. 

E. 0. 
C.B. j 
S. R, 
C.D. 1 
C. S. 

F. V. 
H.McI. 

F. W. 

C. A. 

G. B. 

F. D. 
S.W. 

A. M. 

F 

F 

F 

F 

F 

F 

M 

M 

F 

F 

F 

F 

M 

F 

F 

F 

F 

F 

F i 
F 

F 

F 

F 

F 

F 

F 

M 

M 

M 

M 

M 

M 

M 

F 

F 

F 

years 

41 

49 

14 

50 

19 
34 

32 

23 

33 

39 

42 
65 
57 

20 
22 

34 

27 

59 

45 i 
39 

59 

38 

62 

41 

54 

39 

55 

22 

54 

63 

59 

39 

30 

70 

65 

41 

Acute hepatitis 

Acute hepatitis 

Acute hepatitis 

Acute hepatitis 

Acute catarrhal jaundice 

Acute catarrhal jaundice 

Acute catarrhal j'aundice 

Acute hepatitis (post arsphen amine) 

Acute hepatitis (postarsphen amine) 

Acute hepatitis (postarsphenambe) 

Acute hepatitis (following divinyl ether anesthesia) 
Acute hepatitis (following ruptured appendix) 

Acute hepatitis (following ruptured gall bladder) 
Hyperemesis gravidarum 

Hyperemesis gravidarum 

Acute hepatitis. Tuberculosis 

Acute hepatitis. Congenital syphilis 

Subacute hepatitis 

Subacute hepatitis 

Subacute hepatitis 

Subacute hepatitis. Cholelithiasis 

Subacute hepatitis. Cholelithiasis 

Subacute hepatitis. Cholelithiasis 

Subacute hepatitis. Cholelithiasis 

Subacute hepatitis. Cholelithiasis 

Subacute hepatitis. Cholelithiasis 

Chronic passive congestion of liver (red atrophy) 
Chronic passive congestion of liver (red atrophy) 
Chronic passive congestion of liver (red atrophy) 
Chronic passive congestion of liver 

Chronic passive congestion ofliver 

Chronic passive congestion of liver 

Chronic passive congestion of liver 

Chronic passive congestion of liver 

Chronic passive congestion of liver 

Chronic passive congestion of liver 

Clinical 

Clinical 

Clinical 

Clinical 

Clinical 

Clinical 

Clinical 

Clinical 

Clinical 

Clinical 

Clinical 

Autopsy 

Operation 

Clinical 

Clinical 

Clinical 

Biopsy ofliver 
Biopsy ofliver 
Biopsy ofliver 
Clinical 

Biopsy ofliver 

Operation 

Operation # 

Biopsy of liver 

Biopsy of liver 

Operation 

Autopsy 

Autopsy 

Autopsy 

Autopsy 

Autopsy 

Autopsv 

Clinical 

Clinical 

Clinical 

Clinical 

+++ 

+-F 

-F+-F+ 

ri"F 

++++ 

-F4~F 

-F+-F-F 
-F++-F 
-H F-F-F 
++-F+ 
+++ 
-F++ 
-F-F-F+ 
-F++ 
*F-F 
-F++-F 
+++ 
+-F 
+-F 
•F*F 
+++ 
i 

1 0 

0 

-F-F 

-F+ 

-F-F+-F 

-F+-F-F 

+++ 

-F-F-F 

-F-F-F-F 

-F-F-F 

-F-F 

-F-F+-F 

-F-F 

20 

8 

20 

12 

15 

22 

15 

60 

65 

15 

50 

30 

30 

15 

IS 

15 

8 

5 

8 

i 12 

1 6 
15 
15 

3 

50 

25 

5 

25 

10 

5 

75 

20 

15 

3 

40 

5 

VCT 

cent 

60 

100 

60 

100 

70 

45 

100 

50 

25 

65 

70 

30 

100 

17 

50 

65 

20 

65 

70 

100 

100 

100 

100 

1 SO 

50 

50 

100 

25 

100 

70 

55 

15 

45 

100 

10 

65 

per 

cent 

86 

0 

130 

52 

35 

S9 

12 

0 

0 

IS* 

10* 

27* 

48* 

37* 

21 

51 

80 

115 

110* 

93 

90 

48 

65 

62 

0 

54 

0 

Recovery after 1 month. 
Recovery after 2 weeks. 

Died 3 weeks after onset. 
Recovery after 3 weeks. 

Typical course with recovery. 
Typical course with recovery. 
Typical course with recovery. 
Recovery after 5 months. 
Recovery afterS weeks. 

Recovery" after 1 week. 
Recovery after 6 monies. 

Surgical drainage. 

Recovered. Norms} dearth- 
Recovered. Normal delivery- 
Still b sanatorium. 

Improved. Macrocytic ace*- 
Apparent recovery. 

Apparent recovery. 

Cholecystectomy. 

Cholecystectomy. 

Cholecystectomy. 

Cholecystectomy. 

Cholecystectomy 

Cholecystectomy 

Still tinder observation. 

StM under observation. ^ 

Hemorrhagic diatbess. ^ 

No further observations. 


* Denotes intravenous administration of sodium benzoate. 
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TABLE II 

Changes in the ecphalin-cholestcrol flocculation reaction and other laboratory data during the course of an acute 

toxic hepatitis ( Case 1, Table I) 


Date 

CephaUn- 

cholesterol 

flocculation 

Icterus 

Urobilinogen 

t Plasma 

Hippuric 
acid test 

Serum proteins 

Comments 

index 

in urine 

prothrombin 

I 

Albumin j 

Globulin 




1930 



mgm. per 100 cc . 

per cent 

per cent 

grams per 
100 cc. 

grams per 
100 cc . 


November 2 

+++ 

20 


60 




Onset of painless jaundice. 

4 

++++ 

45 


60 




Anorexia. Fever. 

7 

+4-4- 

60 


32 





10 

++ + + 

50 | 



0 (oral) 



Extremely ill. 

15 

+ + 

60 i 

7.3 

20 

0 (oral) 

4.1 

2.6 

Fever continues. 

17 

+ 

40 i 


25 



Clinical improvement. 

21 



1.2 


65 (oral) 

3.9 

2.4 

Afebrile. Feels well. 

22! 

+ 

20 


45 




25 

0 








December 2 

0 

20 

less than 0.9 

60 

78 (intra- 
venous) 

4.3 

2.1 


6 

0 

8 


100 





S 

0 

4 

less than 0.9 • 

100 




Discharged from hospital. 









| Complete recovery. 


cholecystitis with or without cholelithiasis and 
without liver complications were studied. The 
flocculation was negative in all except 3. The 
amount of flocculation in each of these 3 patients 
was slight (-f, +, and ++)• All had stones 
in the gall bladder, but it was not possible to 
demonstrate liver pathology, even though sections 
from 2 patients were available for microscopic 
study. Surgery was performed on the gall blad- 
der in 30 of the 34 subjects. 

Flocculation reaction in patients with acute or 
subacute hepatitis . Observations were made on 
36 patients with hepatitis of an acute or subacute 
form. There was no evidence of obstruction of 
the biliary passages in any of these individuals. 
The diagnosis was established in 12 patients after 
histological examination of liver tissue. A reduc- 
tion in plasma prothrombin was observed in 25 
of these 36 patients. This observation furnished 
further evidence that significant liver damage was 
present (5). Table I presents the diagnosis, the 
. basis for the diagnosis, the cephalin-cholesterol 
flocculation reaction, icterus index, plasma pro- 
thrombin, and the hippuric acid excretion in these 
patients. The data were collected at the time the 
diagnosis was established. The cephalin-choles- 
terol flocculation test was positive in all but 2 of 
the 36 cases. 

Although chronic passive congestion of the liver 
is not an inflammatory lesion, Cases 26 to 36, in- 
clusive (Table I), are classified with this group 


because of the extensive parenchymal destruction. 
In contrast to these 11 patients with a positive 
flocculation test, it should be noted that sera from 
18 other patients with congestive cardiac failure 
and similar clinical signs of congestion of the liver, 
not included in Table I, showed no flocculation. 

Repeated observations were made on all of the 
36 patients with acute or subacute hepatitis during 
the course of their disease. A close correlation 
was usually demonstrated between the amount of 
flocculation and the clinical severity of the dis- 
order. In each of the individuals who recovered, 
the positive reaction gradually became weaker, 
and finally negative as clinical improvement was 
noted. Table II presents data on a case typical 
of this group. These observations are in agree- 
ment with Hanger’s (2) suggestion that the floc- 
culation test has considerable prognostic value. 

Flocculation reaction in patients with cirrhosis 
of the liver . Twenty-two patients with various 
types of cirrhosis of the liver were studied. In 
most of these individuals the disease was in the 
terminal stage. Table III gives the diagnosis, the 
basis for the diagnosis, the cephalin-cholesterol 
flocculation reaction, icterus index, per cent of 
plasma prothrombin, and the results of the hip- 
puric acid test. In addition, the serum albumin 
was reduced, and the globulin abnormally elevated 
in 17 patients. Table III shows that the floc- 
culation test was uniformly strongly positive in 
this group of patients. Serial studies showed a 
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patients and in 14 instances a section of the liver was 
obtained for biopsy. Complete autopsy was performed 
on 32 of the 40 patients with liver or biliary tract dis- 
ease who died. Blood, urine, and stool examinations 
were done routinely. The urobilinogen in the urine of 
all jaundiced patients was determined quantitatively on 
repeated occasions. The icterus index and plasma pro- 
thrombin (4) were determined each time that a floccula- 
tion test was done. The serum albumin and globulin 
were measured at least once in 88 of the 141 patients 
with liver or biliary tract disease. Additionally, the 
galactose tolerance test and the hippuric acid synthesis 
and excretion test were frequently employed. 

RESULTS 

Flocculation test in normal individuals or pa- 
tients without evidence of liver or biliary tract dis- 
ease. The flocculation reaction was tested on sera 
obtained from 284 normal individuals and in no 
instance did significant flocculation occur. The 
test was also performed on the sera from 455 pa- 
tients with a variety of diseases, none of whom 
showed definite evidence of a liver or biliary tract 
disturbance. In this latter group a positive reac- 


tion was noted in 15 individuals. The diagnoses 
in these 15 cases were as follows : central nervous 
system syphilis under treatment with malaria (3 
cases), pneumonia (2 cases), thyrotoxicosis (2 
cases), and one case each of pelvic inflammatory 
disease, nephrosis, pyelonephritis, septic arthritis, 
scarlet fever, acute tertian malaria, pemphigus, 
and paroxysmal nocturnal hemoglobinuria. In 
several of these 15 patients there might well have 
been an associated liver disturbance but confirma- 
tory data were lacking. 

The remainder of this communication will be 
limited to a report of the observations on the 
group of 141 patients with hepatic or biliary tract 
disease. For convenience in obtaining a compara- 
tive analysis, these yases have been divided into 
5 groups, as follows: (1) cholecystitis without 
hepatic disease, (2) acute or subacute hepatitis, 
(3) cirrhosis of the liver, (4) obstructive jaun- 
dice, and (5) focal lesions of the liver. 

Flocculation reaction in cholecystitis ‘without 
hepatic disease. Thirty-four patients with chronic 


TABLE I 

Flocculation reaction in 36 patients with acute or subacute hepatitis 


Case 

Initials 

Sex 

Age 

Diagnosis 

Basis for 
diagnosis 

Cephalin- 

choles- 

terol 

floccu- 

lation 

- Ic- 
ter- 
us 
in- 
dex 

Plas- 

ma 

pro- 

throm- 

bin 

Hip- 

puric 

acid 

test 

Comments 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 | 

15 1 

16 

17 

18 

19 

20 
21 1 
22 1 

23 

24 

25 ! 

26 1 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

M. Q. 

C. H. 
M.W. 
F.H. 

D. R. 

E. E. 

J. V. 

J. B. 

H. A. 

D. T. 

M. S. 

F. R. 

A. S. 

L. TV. 

c. s. 
c. s. 

E. H. 

F. T. 

M. S. 

M. J. 

K. L. 

L. R. 

E. H. 

E. 0. 
C.B. | 
S.R. 

C. D. 

c. s. 

F. V. 
H.McI. 

F. W. 

C. A. 

G. B. 

F. D. 
S,W. 

A. M. 

i 

F 

F 

F 

F 

F 

F 

M 

M 

F 

F 

F | 
F 
M 
F 

F 

F 

F 

F 

F 

F 

F | 
F 1 
F 

F 

F 

F 1 

M 

M 

M 

M 

M 

M 

M 

F 

F 

F 

years 

41 

49 

14 

50 

19 

34 

32 

23 

33 
39 

42 i 
65 
57 

20 
22 

34 
27 
59 

45 

39 

59 | 

38 1 
62 

41 , 

54 

39 1 

55 
22 

54 

63 

59 

39 

30 

70 

65 

41 

Acute hepatitis 

Acute hepatitis 

Acute hepatitis 

Acute hepatitis 

Acute catarrhal jaundice 

Acute catarrhal jaundice 

Acute catarrhal jaundice 

Acute hepatitis (postarsphenamine) 

Acute hepatitis (postarsphenamine) 

Acute hepatitis (postarsphenamine) 

Acute hepatitis (foflowing divinyi ether anesthesia) 
Acute hepatitis (following ruptured appendix) 

Aoute hepatitis (following ruptured gall bladder) 
Hyperemesis gravidarum 

Hyperemesis gravidarum 

Acute hepatitis. Tuberculosis 

Acute hepatitis. # Congenital syphilis 

Subacute hepatitis 

Subacute hepatitis 

Subacute hepatitis 

Subacute hepatitis. Cholelithiasis 

Subacute hepatitis. Cholelithiasis 

Subacute hepatitis. Cholelithiasis 

Subacute hepatitis. Cholelithiasis 

Subacute hepatitis. Cholelithiasis 

Subacute hepatitis. Cholelithiasis 

Chronic passive congestion of liver (red atrophy) 
Chrome passive congestion of liver (red atrophy) 
Chronic passive congestion of liver (red atrophy) 
Chronic passive congestion of liver 

Chronic passive congestion of liver 

Chronic passive congestion of liver 

Chronic passive congestion of liver 

Chronic passive congestion of liver 

Chronic passive congestion of liver 

Chronic passive congestion of liver 

Clinical 

Clinical 

Clinical 

Clinical 

Clinical 

Clinical 

Clinical 

Clinical 

Clinical 

Clinical 

Clinical 

Autopsy 

Operation 

Clinical 

Clinical 

Clinical ! 

Biopsy of liver 

Biopsy of liver 

Biopsy of liver 

Clinical 

! Biopsy of liver 
Operation 
| Operation 
Biopsy of liver 
Bio psy. of liver 
Operation 
Autopsy 
Autopsy ' 
Autopsy" 
Autopsy 
Autopsy’ 
Autopsv 
Clinical 

Clinical 

Clinical 

Clinical 

+++ 

++ 

++++ 

++ 

++++ 

+++ 

++ 

++++ 
++++ 
++++ 
++++ 
+++ 
4-4-4- 
4- 4-4-4- 
4-4-4- 
4-4- 
+4-4-4- 
+++ 
++ 
++ 
l ++ 

+++ 

1 + 

0 

0 

++ 

++ 

++++ 

++++ 

+++ 

+++ 

++++ 

+++ 

++ 

++++ 

++ 

20 

8 

20 

12 

15 

22 

15 

60 

65 

15 

50 

30 

30 

15 

18 

15 

8 

5 

8 

12 

6 

15 

15 

3 

50 

25 

5 

25 

10 

5 

75 

20 

15 

3 

40 

5 

per 

cent 

60 

100 

60 

100 

70 

45 

100 

50 

25 

65 

70 

30 

100 

17 

50 

65 

20 

65 
, 70 

100 
100 
100 
100 
so 

50 

50 

100 

25 

100 

70 

55 

15 

45 

100 

10 

65 

per 

cent 

86 

0 

130 

52 

35 

89 
12 

0 

0 

IS* 

10* 

27* 

48* 

37* 

21 

51 

SO 

115 

no* 

93 

90 
48 

65 

62 

0 

54 

0 

Recovery’ 3 f ter 1 month. 
Recover}' after 2 weeks. 

Died 3 weeks after onset. 
Recovery’ after 3 weeks. 

Typical course with recover- 
Typical course with recovery- 
Typical course with recovery- 
Recovery' after 5 months. 
Recovery after 2 weeks. 
Recovery' after 1 week. 
Recovery after 6 months. 

Surgical drainage. Rfovtrri- 
Recovered. Nonna dehvery- 
Recovered. Normal delivery. 
Still in sanatorium. 

Macrocytic anemia- 
Apparent recovery. 

Apparent recovery 

Cholecystectomy. 

Cholecystectomy. 

Cholecystectomy. 

Cholecystectomy. 

Cholecystectomy 

Cholecystectomy 

Still under observation. 

SU11 under observation. 

Hemorrhage diathea. v 

No further observations. 


* Denotes intravenous administration of sodium benzoate. 
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TABLE II 


Changes in the cephalin-cholesterol flocculation reaction and other laboratory data during the course of an acute 

toxic hepatitis ( Case 1, Table 2) 


Dale 

Cephalin- 

cholesterol 

flocculation 

Icterus 

Urobilinogen 

j 

Plasma 

Hippuric 

i 

Serum proteins 

Comments 

index 

in urine 

1 prothrombin 

add test 

Albumin , 

Globulin 



lose 



mgm. Per 100 cc. 

per cent 

per cent 

grams per 
100 cc. 

grams per 
100 cc. 


Niwember 2 

+ 4- + 

20 


60 




Onset of painless jaundice. 

4 

++++ 

45 


60 




Anorexia. Fever. 

7 

+++ 

60 


32 





10 

++++ 

50 



0 (oral) 



Extremely ill. 

15 

4 - 4 - 

60 

7.3 

20 

0 (oral) 

4.1 

2.6 

Fever continues. 

17 

4* 

| 40 


25 




Clinical improvement. 

21 



1.2 


65 (oral) 

3.9 

2.4 

Afebrile. Feels well. 

22 

-F 

20 


45 

j 



25 

0 








December 2 

0 

20 j 

i 

less than 0.9 

60 

78 (intra- 
venous) 

4.3 

2.1 


6 

0 

8 


100 





8 

0 

4 

less than 0.9 

100 




Discharged from hospital. 









Complete recovery. 


cholecystitis with or without cholelithiasis and 
without liver complications were studied. The 
flocculation was negative in all except 3. The 
amount of flocculation in each of these 3 patients 
was slight +i and -f — f-). All had stones 
in the gall bladder, but it was not possible to 
demonstrate liver pathology, even though sections 
from 2 patients were available for microscopic 
study. Surgery was performed on the gall blad- 
der in 30 of the 34 subjects. 

Flocculation reaction in patients with acute or 
subacute hepatitis . Observations were made on 
36 patients with hepatitis of an acute or subacute 
form. There was no evidence of obstruction of 
the biliary passages in any of these individuals. 
The diagnosis was established in 12 patients after 
histological examination of liver tissue. A reduc- 
tion in plasma prothrombin was observed in 25 
of these 36 patients. This observation furnished 
further evidence that significant liver damage was 
present (5). Table I presents the diagnosis, the 
.basis for the diagnosis, the cephalin-cholesterol 
flocculation reaction, icterus index, plasma pro- 
thrombin, and the hippuric acid excretion in these 
patients. The data were collected at the time the 
diagnosis was established. The cephalin-choles- 
terol flocculation test was positive in all but 2 of 
the 36 cases. 

Although chronic passive congestion of the liver 
is not an inflammatory lesion, Cases 26 to 36, in- 
clusive (Table I), are classified with this group 


because of the extensive parenchymal destruction. 
In contrast to these 11 patients with a positive 
flocculation test, it should be noted that sera from 
18 other patients with congestive cardiac failure 
and similar clinical signs of congestion of the liver, 
not included in Table I, showed no flocculation. 

Repeated observations were made on all of the 
36 patients with acute or subacute hepatitis during 
the course of their disease. A close correlation 
was usually demonstrated between the amount of 
flocculation and the clinical severity of the dis- 
order. In each of the individuals who recovered, 
the positive reaction gradually became weaker, 
and finally negative as clinical improvement was 
noted. Table II presents data on a case typical 
of this group. These observations are in agree- 
ment with Hanger’s (2) suggestion that the floc- 
culation test has considerable prognostic value. 

Flocculation reaction in patients with cirrhosis 
of the liver. Twenty-two patients with various 
types of cirrhosis of the liver were studied. In 
most of these individuals the disease was in the 
terminal stage. Table III gives the diagnosis, the 
basis for the diagnosis, the cephalin-cholesterol 
flocculation reaction, icterus index, per cent of 
plasma prothrombin, and the results of the hip- 
puric acid test. In addition, the serum albumin 
was reduced, and the globulin abnormally elevated 
in 17 patients. Table III shows that the floc- 
culation test was uniformly strongly positive in 
this group of patients. Serial studies showed a 
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TABLE III 


Flocculation reaction in 22 patients with cirrhosis of the liver 


| Case 1 

Initials 

I 

<D 

td 

<; 

Diagnosis 

w 
*53 
*- o 
•8 6 

S3 a 

« 

Cephalin- 

cholesterol 

flocculation 

Icterus 

Index 

Plasma 

prothrombin 

Hippuric 
acid test 

Comments 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

W. D. 
T. R. 
P. D. 

F. M. 
W. J. 
A. B. 

G. M. 
F. C. 
W.S. 

C. A. 

D. R. 

E. D. 
C. M. 
R. T. 
A. N. 
C. B. 

F. S. 
A. D. 
J. P. 
M.H. 
R. A. 
W. C. 


years 

49 

63 

39 

41 
60 

54 
49 
57 

55 

51 

37 

59 

55 
15 

52 

38 
46 

60 

40 
54 

42 

56 

Atrophic cirrhosis of liver 

Atrophic cirrhosis of liver 

Atrophic cirrhosis of liver 

Atrophic cirrhosis of liver 

Atrophic cirrhosis of liver 

Atrophic cirrhosis of liver 

Atrophic cirrhosis of liver 

Atrophic cirrhosis of liver. Chronic alcoholism 
Atrophic cirrhosis of liver. Chronio alcoholism 
Atrophic cirrhosis of liver. Chronic alcoholism 
Atrophic cirrhosis of liver. Chronic alcoholism 
Atrophic cirrhosis of liver. Chronic alcoholism 
Atrophio cirrhosis of liver. Chronic alcoholism 
Atrophic cirrhosis of liver. B anti’s syndrome 
Obstructive biliary cirrhosis 

Obstructive biliary cirrhosis 

Obstructive biliary cirrhosis 

Obstruct jve biliary cirrhosis 

Obstructive biliary cirrhosis 

Syphilitic cirrhosis of liver 

Syphilitic cirrhosis of liver 

Chronic hepatitis vrith necrosis 

Clinical 

Clinical 

Clinical 

Clinical 

Autopsy 

Autopsy 

Bippsy of liver 

Clinical 

Clinical 

Clinical 

Autopsy 

Biopsy of liver 

Clinical 

Autopsy 

Operation 

Biopsy of liver 

Autopsy 

Biopsy of liver 

Biopsy of liver 

Clinical 

Clinical 

Autopsy 

++++ 
++++ 
++++ 
+++ 
++++ 
+++ 
++ 
++ 
+++ 
++++ 
++++ 
++++ 
+++ 
++++ 
++ 
++ 
++■ ++ 
44++ 
++ 
++++ 
++++ 
++++ 

15 

3 

25 

10 

20 

5 

10 

8 

5 

15 

25 

65 

25 

60 

22 

40 

50 

60 

40 

6 

45 

50 

per 

cent 

60 

40 

30 

72 

15 

100 

55 

65 

100 

45 

45 

70 

100 

45 

18 

55 

45 

30 

32 

65 

100 

55 

per 

coil 

33 

0 

47 

20 

79 

69 

53 

27 
43 

0 

40 

28 
16 
15* 
31 

25* 

52* 

54 

65 

7* 

Macrocytic anemia. 

Esophageal varices demonstrated by x-ray. 
Esophageal varices demonstrated by x-ray. 
Large nodular liver. Ascites. 

Esophageal varices demonstrated by x-ray. 

Large firm liver. 

Cholecystoduodenostomy. 

Macrocytic anemia. 


* Denotes intravenous administration of sodium benzoate. 


persistence of the reaction throughout the period 
of observation. The abnormal hippuric acid test 
in 18 of these patients, and the prothrombin de- 
ficiency in 18, further support the evidence of 
extensive liver damage. All of the patients with 
hypoprothrombinemia failed to show a significant 
increase in this coagulation factor with prolonged 
administration of crude concentrates of vitamin 
K or 2-methyl- 1, 4-naphthoquinone. 2 The lack of 
response of the prothrombin to this therapy also 
indicates an impairment of liver function (5). 

Flocculation reaction in patients with obstruc- 
tive jaundice. Observations were made on 23 
jaundiced patients who had complete obstruction 
of the extrahepatic biliary passages. Table IV 
shows the cause of the obstruction, basis for the 
diagnosis, approximate duration of the icterus, 
cephalin-cholesterol flocculation, icterus index, 
plasma prothrombin, and the hippuric acid test. 
The data presented in this table were obtained at 
the time of the patient’s admission to the hospital. 
In addition, the urobilinogen in the urine was less 
than 0.9 mgm. per 100 cc. in each patient. The 
flocculation test was positive in 18 of the 23 pa- 
tients in this group. These results are not in 
agreement with previous reports (1, 2, 6) which 
indicate that flocculation does not occur with sera 

2 Supplied through the courtesy of E. R. Squibb and 
Sons, New York. 


from patients with biliary obstruction. Com- 
parison of the flocculation reactions of the sub- 
jects in Tables I, III, and IV does show, how- 
ever, that the degree of flocculation was less in 
the individuals with obstructive jaundice than in 
those with hepatitis. 

The data in Table IV show that the plasma 
prothrombin was reduced in every patient, and 
that in a majority the deficiency, was marked. 
Cases 5 and 17 showed hemorrhagic manifesta- 
tions. The response of the prothrombin to treat- 
ment with preparations with vitamin K activity 
was satisfactory with the exception of Cases 1» 
14, 21, and 23. An obstructive biliary cirrhosis 
or hepatitis was demonstrated histologically m 
these 4 patients. In addition, a secondary disturb- 
ance in the liver was suspected by the surgeon at 
the time of operation in Cases 5, 19, and 2 . 

Flocculation reaction in patients with foca 
sions of the liver. Hanger (2) reported that sin 
gle or disseminated carcinomatous lesions m t ie 
liver were usually accompanied by a negati 
cephalin-cholesterol flocculation test, althoug 
was recognized that the series was too sma 
make a definite conclusion. In the present s U 
observations were made on 26 patients wit 
lesions of the liver. The group was composed o 
cases with a variety of lesions which eit e 
placed or invaded liver tissue. Table \ P re = 
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TABLE IV 


Flocculation reaction in 23 patients with obstructive jaundice 


Case 

Initial* 

Sex 

Age 

Diagnosis 

Basis 

for 

diagnosis 

Approri- 

znate 

duration 

of 

jaundice • 

Ccpho- 

Un-cho- 

lesterol 

floccu- 

lation 

Icterus 

index 

Plasma 

pro- 

throm- 

bin 

Hip- 
puric 
acid test 

Comments 




ycart 




■ 


percent 

percent 



as. 

F 

46 

r< . * . . i •«« j .i 

Autopsy 

2 Keeks 


50 

45 

97 



W. H. 

M 

65 

■ . - 

Operation 

2 months 

ESSS 

50 

32 

69 

Post-operative evisceration. Recovered. 

HTI 

W.S. 


57 

■ “ 

Clinical 

3 weeks 


30 

75 

90 

Still under observation. 

HI 

E.M. 

19 

58 * 

Operation 

2 months 

iflMH 

40 

75 

112 

Complete recovery. 


R.L. 

E9 

44 


Operation 

10 months 

CZSsl 

20 

35 

24 

Died of intra-abdominal hemorrhage. 


B.E. 

HI 

42 

1. 

Operation 

1 week 

0 

50 

80 

95 

Complete recovery. 

^R 

C. V. 

F 

SO 

-■ 

Operation 

3 months 

++ 

35 

65 

77 

Complete recovery. 

HI 

B.F. 


S3 

«■ ■ B 

Operation 

2 weeks 

++-F 

40 

40 

81 

Complete recovery. 


L.S. 


25 

Stones in common bUe duct 

Operation 

5 weeks 

+ 

100 

32 

115 

Complete recovery. 

10 

R.R. 


41 

Stones in common bile duct 

Operation 

3 weeks 

0 

60 

1 20 

90 

Complete recovery. 

11 

H.G, 


SO 

Stone in common bile duct (ball valve) 

Operation 

2 months 

++ 

25 

i 80 


Still under observation. 

12 

J.P. 


48 

Carcinoma of head of pancreas 

Operation 

3 months 

+++ 

20 

1 45 

82 

Still under observation. 

13 

J. D. 


62 

Carcinoma of head of pancreas 

Clinical 

1 month 

+4- 

1 75 

1 17 

54 

Died 

14 

F.D. 


53 

Carcinoma of head of pancreas 

Autopsy 

3 months 

0 

60 

60 


1 

15 

W.W, 


45 

Carcinoma of head of pancreas 

Operation 

3 months 

++ 

60 

55 

102 

Still under observation. 

16 

S. G. 


60 

Carcinoma of head of pancreas 

Operation 

6 weeks 

0 

75 

28 

86 

j No follow-up. 

17 

H.K. 


55 

Carcinoma of head of pancreas 

Operation 

1 month 

4-4- 

25 

42 


i Hemorrhagic diathesis. 

18 

A. S. 


50 

Carcinoma of head of pancreas 

Clinical 

4 months 

4-4-4-+ 

80 

55 

75 

Died 

IS 

C. B. 


38 

Adhesions about common bile duct 

Operation 

14 months 

+++ 


62 

60 

! Cholecystoduodenostomy. 

20 

M. B. 


52 

Adhesions about common bile duct 

Operation 

2 months 

+ 

65 

35 

86 

Plastic repair of duct. Recovery. 

21 

E. B. 


29 

Stricture of common bile duct 

Autopsy 

18 months 

++ 


40 

51 


22 

E. N. 


61 

Obstruction of common bile duct due ! 

Operation 

6 weeks 

++ 

100 

40 

no 

! Complete recovery. 





to tymph node 







| 

23 

S.D. 

F 

68 

Carcinoma of gall bladder 

Autopsy 

unknown | 

+ 

8 

40 

83 

1 

! 


TABLE V 


Flocculation reaction in 26 patients with focal lesions of the liver 


Case 

Initials 

Sex 

Age 

Diagnosis 

Baas 

. ^ or 
diagnosis 

Cephalin- 

choles- 

terol 

floccu- 

lation 

Icterus 

index 

Plasma 

pro- 

throm- 

bin 

Comments 




yeert 





per cent 


1 

J. C. 

M 

64 

Carcinoma of stomach. Liver metastasis 

Autopsy 

+++ 

22 

52 


2 

R. C, 

M 

50 

Carcinoma of stomach. Liver metastasis 

Autopsy 

+++ 

20 

32 


3 

L.B. 

M 

70 

Carcinoma of stomach. Liver metastasis 

Clinical 

+++ 

20 

70 

Gastric malignancy by x-ray. 

4 

A. A. 

M 

54 

? Carcinoma of stomach. Liver metastasis 

Clinical 

+ 

40 

40 

Nodular liver. 

5 

J.L. 

M 

73 

Carcinoma of colon. Liver metastasis 

Operation 

++++ 

3 

50 

Died. 

6 

H.K. 

M 

58 

Carcinoma of colon. Liver metastasis 

Operation 

++ 

3 

100 


7 

C.M. 

M 

67 

Carcinoma of colon. Liver metastasis 

Biopsy of liver 

++ 

20 

80 


8 

M.L. 

F 

64 

Carcinoma of cervix- Liver metastasis 

Clinical 

+++ 

10 

22 


9 

C.K. 

F 

11 

Carcinoma of breast. Liver metastasis 

Autopsy 

0 

3 

60 


10 

8. D. 

F 

68 

Carcinoma of gall bladder. Liver metastasis 

Autopsy 

++ 

8 

40 


11 

T. P. 

M 

78 

^ ” ■ *' tasia 

Operation 

+++ 

75 

65 


12 

LM. 

F 

65 

**• • ■« ■ ■ mdetermined 

Clinical 

++ 

13 

70 

! Large, nodular liver. 

13 

R.B. 

M 

67 

11 ■ ■■ ■ mdetermined 

Clinical 

+++ 

15 

47 

Large, nodular liver. 

14 

A. IL 

M ! 

10 

. ■ 

Autopsy 

++++ 

10 

1 100 


15 

I. H. 

M ; 

3 

Wilm’s tumor. Liver metastasis 

Autopsy 

++ 

100 

1 100 


16 ; 

L. 8. , 

F 

54 

Hypernephroma. Liver metastasis 

Biopsy o Hirer 

+++ 

3 

i 60 


17 ' 

M.T. 

F 

65 

Leiomyosarcoma of jejunum. Liver metastasis 

Autopsy 

+ 

12 

1 100 


18 

D.B. 

M 

12 

Lymphosarcoma with liver involvement 

Autopsy 

++++ 

10 

1 100 


19 

F.T. 

M 

58 

Multiple primary carcinomata of liver 

Autopsy 

++ 

100 

; 60 


20 

w. u. 

M 

38 ; 

Multiple abscesses of liver 

Operation 

++++ 

5 

i 55 



H. 8. 

M 

29 

Abscess of liver with biliary fistula 

Autopsy 

++ 

75 

■ 28 

Intra-abdominal hemorrhage. 

22 

R, B, 

M 

33 

Actinomycosis of liver 

Autopsy 

+++ 

4 

55 

23 

W.M. 

M 

11 

Actinomycosis of liver 

Biopsy ofUver 

++ 

15 

45 


24 

M. K. 

F 

9 

Actinomycosis of liver 

Autopsy 

+++ 

! 5 

70 


25 

M. K. 

F 

29 

Gaucher’s disease 

Operation 

+++ 

! 5 

65 

Splenectomy. 

26 

R. M# 

F 

55 

Echinococcus cysts of liver 

Autopsy 

++++ 

1 35 

100 



the diagnosis, basis for the diagnosis, cephalin- 
cholesterol test, icterus index, and plasma pro- 
thrombin in these subjects. These laboratory re- 
sults were obtained shortly after admission of 
the patient to the hospital. Repeated tests were 
entirely similar. The data show that flocculation 
occurred in every patient except Case 9. In most 
instances the reaction was strongly positive. The 


plasma prothrombin was reduced in 19 patients 
in this group, and in cases in which specific ther- 
apy was given for this deficiency there was slight, 
if any, improvement. 

SUMMARY AND DISCUSSION 

The present observations confirm original stud- 
ies (1, 2) which indicate that emulsions prepared 
































246 


FREDERICK J. POHLE AND JOHN K. STEWART 


from mixtures of sheep brain ceplialin and cho- 
lesterol are flocculated by sera from patients with 
active disturbances of the liver parenchyma. In 
the present investigation, sera from 880 human 
subjects were studied. These data are sum- 
marized in Table VI. In this table the patients 
are grouped in the same manner as they were 
earlier in this communication when more detailed 
observations were presented. These results indi- 
cate that the incidence of a positive flocculation 
reaction is very high with sera from individuals 
with a liver disorder and that false positive reac- 
tions rarely occur. 


TABLE VI 

Summary of the cephalin-cholesterol flocculation reaction on 
sera from 880 human subjects 


Diagnosis 

to 

.£ 

»» 

cs 

c* 

Im 

0 

£ 

1 

Number with 
negative 
flocculation 
reaction 

fill 

fill 

Per cent of 
patients with 
positive flocculation 
reaction 

Normal , 

284 

| 284 

0 

0 

Hospital patients without demonstrable 





hepatic or biliary tract disease 

455 

440 

15 

3.3 

Cholecystitis without hepatic disease 

34 

31 

3 

8.8 

Acute or subacute hepatitis 

36 

2 

34 

94.4 

Cirrhosis of the liver 

22 

0 

22 

100.0 

Obstructive jaundice 

23 

5 

IS 

7S.3 

Focal lesions of the liver 

26 

1 

i 

25 

96.2 


The major discrepancy between the present ob- 
servations and those previously reported (1, 2, 6) 
resides in the cephalin-cholesterol flocculation re- 
action with sera from individuals with obstructive 
jaundice. Hanger (2) concluded that jaundice 
due to biliary obstruction may be distinguished 
from hepatogenous jaundice by the flocculation 
test, since the reaction was usually negative in 
the former and positive in the latter. In a re- 
cent publication (6) Hanger and Gutman dis- 
tinguished two kinds of postarsphenamine jaun- 
dice (hepatitis and intrahepatic biliary obstruc- 
tion) with the aid of the cephalin-cholesterol floc- 
culation test. These authors noted that floccula- 
tion occurred in only 8 of 85 patients (9.4 per 
cent) with various types of obstructive jaundice. 
This value is at variance with the present study 
in which it was noted that flocculation occurred in 
18 of 23 such patients (78.3 per cent). The ex- 
planation for this lack of agreement is not clear. 
It is possible that our series of 23 patients with 
complete biliary obstruction had a higher inci- 


dence of secondary disturbances in the liver than 
Hanger’s and Gutman’s series, since their group 
did not all have complete or constant obstruction. 
It is true in the present study that the test was 
usually less strongly positive in the patients with 
obstructive jaundice than in those with a hepatic 
disorder (Tables I, III, IV, and V). However, 
the observations herein reported would not permit 
the use of the cephalin-cholesterol flocculation test 
in the differential diagnosis of obstructive from 
hepatogenous jaundice. 

There is general agreement that a common dis- 
advantage of the liver function tests which are 
usually employed is their lack of sensitivity. Of- 
ten such functional studies remain within normal 
limits until the end stage of the disorder when a 
diffuse and irreparable damage has already oc- 
curred. Reports by Hanger (2) indicate that the 
cephalin-cholesterol flocculation test is a more 
delicate index of active disturbances of the liver 
than any of the so-called liver function tests. 
The present investigation confirms this conclusion. 
The flocculation reaction with few exceptions 
proved to be a more sensitive indicator of a 
liver disorder than any of the other tests which 
were used. This finding is still more impressive 
when it is recalled that false positive reactions 
are extremely rare. In several cases an hepatic 
abnormality, the presence of which was conclu- 
sively verified later, was not suspected until the 
flocculation test was reported positive. 

Hanger (1, 2) was unable to demonstrate an} 
correlation between the degree of flocculation o 
the cephalin-cholesterol complex and the brom- 
sulphalein excretion, hippuric acid formation, 
levulose tolerance test, Takata-Ara reaction, 
formol-gel test, the albumin-globulin ratio, serum 
phosphatase, blood cholesterol or serum bilirubin. 
He concluded that the flocculation test shoul 
regarded as an index of disturbance of the b' cr 
parenchyma and that it did not parallel tests 
hepatic function. The present observations 
not agree with this statement. Although, as m<ni 
tioned previously, the flocculation test vas u-U*^ 
the most delicate index, our data show that a , • 
or stronger reaction was usually accompanie ^ 
an abnormal decrease in hippuric acid synt ^ 
and excretion and a reduction in the plasma P 
thrombin. There was no correlation betv 
these 3 laboratory procedures and the m 
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or duration of jaundice. The serum albumin 
and globulin were usually abnormal when the 
liver damage was severe and of long duration. 

The cephalin-cholesterol flocculation test, as 
previously described (2), is of especial value in 
determining the prognosis of patients with hepa- 
titis. In a majority of individuals with acute or 
subacute hepatitis, the flocculation reaction de- 
creased or became negative before the icterus 
receded. The data in Table II illustrate the prog- 
nostic significance of the test. We have not ob- 
served a recurrence of jaundice in any patient 
once the test became negative. The persistence of 
a strongly positive reaction, such as was noted in 
a few patients with subacute hepatitis and in most 
of those with cirrhosis or focal lesions of the liver, 
suggests a poor prognosis despite periods of tem- 
porary clinical improvement. 

The functions of the liver are multiple and 
there is no universal test of hepatic function. 
The tests are modified by many factors such as 
the type and extent of the liver disease, its acute 
or chronic nature, the presence or absence of in- 
fection, the presence or absence of regeneration 
of the parenchymal cells and the amount of avail- 
able protein and glycogen. White, Deutsch, and 
Haddock (7) have pointed out that certain tests 
are preferred because of their delicacy, others be- 
cause of the prognostic value with serial studies. 
The present data indicate that the cephalin- 
cholesterol flocculation test is a sensitive and reli- 
able index of a liver disturbance regardless of its 
etiology, and that it is a valuable adjunct to the 
other laboratory aids. 

CONCLUSIONS 

1. Emulsions prepared from mixtures of sheep 
brain cephalin and cholesterol are not flocculated 
by serum from normal individuals and rarely by 
serum from patients without hepatic disease. 

2. Cephalin-cholesterol emulsions are regularly 
flocculated by serum from patients with hepatitis, 
cirrhosis of the liver or focal lesions of the liver. 


3. The flocculation test is a more sensitive in- 
dex of hepatic disease than many of the func- 
tional studies. A strongly positive reaction is 
usually accompanied by a reduction in the plasma 
prothrombin and hippuric acid synthesis and 
excretion. 

4. The flocculation reaction is usually nega- 
tive in gall bladder disease without hepatic 
complications. 

5. In the present study the flocculation test 
was not a reliable guide for the differentiation of 
obstructive from hepatogenous jaundice. 

6. The cephalin-cholesterol flocculation test is a 
valuable adjunct to other laboratory procedures 
in the diagnosis and prognosis of jaundiced 
patients. 
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Although the skin test is the most valuable sin- 
gle procedure for the diagnosis of echinococcus 
disease, its use for either the identification or the 
exclusion of possible infection is limited because 
the specific hydatid antigen is not easily obtained 
in many parts of the world in which suspected 
cases' appear. In recent years, antigens derived 
from heterologous cestodes have been tried as sub- 
stitutes for the specific hydatid substance in the 
immediate type of skin test and, in a number of 
instances, they have been found to serve the pur- 
pose about as well as those from the specific 
source (1). Several such skin-testing substances 
have been described previously by the authors 
(2) who have reported their diagnostic use in a 
small series of surgically proved cases of echino- 
coccus disease. In the present communication, 
further observations on skin tests in echinococcus 
disease are recorded which indicate that many 
different species of cestodes are a potential source 
of antigen suitable for eliciting an immediate re- 
action. Some of these tests were performed di- 
rectly upon patients known to have the disease, 
while others wefe carried out on normal persons 
by the passive transfer method of Prausnitz and 
Kiistner (3). 

SKIN TESTS IN PERSONS WITH ECHINOCOCCUS 
DISEASE 

General methods 

The preparation of antigens. The antigens used for 
the skin tests were comparatively crude saline extracts 
of the following helminths : Echinococcus granulosus 
(cyst membranes) from man, Taenia saginata from man. 
Taenia serrata from the dog, Hymcnolcpis fratema from 
the mouse, Moniesia expansa from the sheep, Raillieiina 
cesticillus from the chicken, Diphyllobothrium monso- 
noidcs from the cat, and Spargatitnn mansonoides from 
the monkey. The isolated cestodes were washed thor- 
oughly with water, dried at 37° C., and triturated in a 
mortar. Extracts were prepared by suspending 2 per 
cent of the dried powders in 0.5 per cent phenolated 


physiological salt solution for 2 hours at 37° C. The 
suspensions were then centrifugated and the supernatant 
fluids decanted from the insoluble residues. Finally, the 
fluids were proved bacteriologically sterile and preserved 
in sealed ampules until used. 

In addition to these whole-worm extracts, a protein- 
free polysaccharide derived from Taenia crassicollis by 
Campbell (4) of the University of Chicago was used as 
a skin-testing antigen. For injection, the dry powder was 
dissolved in 0.5 per cent phenolated physiological salt 
solution. The most concentrated solution used contained 
10 mgm. of polysaccharide in the 0,1 cc. skin test dose. 

The method of skin testing . The skin tests were per- 
formed on the volar surface of the forearm, 0.1 cc. of 
each antigenic solution being injected intracutaneously. 
A positive reaction was considered to consist of a definite 
wheal, with pseudopodia. This wheal generally appeared 
within 5 minutes and attained its greatest limits within 
10 to 15 minutes. Erythema was commonly noted about 
the site of injection but was not considered particularly 
significant. Frequently, when concentrated antigens were 
injected, delayed reactions characterized by local indura- 
tion also were noted. These appeared within 30 minutes 
and sometimes lasted for from 24 to 36 hours. 

The recording of skin reactions. Immediately after the 
injection of each antigen, the bleb formed was outlined 
with ink. The wheal which developed in positive tests 
was also outlined with ink as soon as its greatest size 
was attained. Tracings of these outlines were made and 
are shown in the figures which will be referred to 
presently. 

Experimental procedure and results 

All of the antigens used in this study were 
tested on a patient who had recently undergone 
incision and drainage of a large suppurating hy- 
datid cyst of the liver. Many tests with the same 
antigens were performed at the same time upon a 
second proved case of echinococcus disease and 
some were repeated at intervals upon several other 
known cases of this infection. All of the antigens 
were also tested on the skins of normal persons. 

All of the undiluted extracts elicited vigorous 
and immediate skin responses in the patients. 
When these extracts were titrated, however, some 
tolerated considerably greater dilution than others 
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before failing to cause a skin reaction. For ex- 
ample, the extract of Taenia serrata elicited a re- 
action even after dilution 2500 times, and that of 
Taenia saginata after 1000 times, whereas the ex- 
tracts of Spargannm mansonoides and Diphyllo- 
bothrium mansonoides failed to elicit a reaction 
when diluted more than 50 and 200 times, re- 
spectively. The extracts of Hymenolepis fra- 
terna, Moniesia expansa , and Raillietina ccsticiilus 
could be diluted 500 times and still elicit a skin 
response. The cyst membranes of Echinococcus 
granulosus evidently contained the smallest avail- 
able amount of antigen suitable for producing a 
skin response, since its extract failed to evoke a 
reaction when diluted more than 10 times. The 
purified polysaccharide of Taenia crassicollis also 
elicited a reaction in these patients, even when the 
stock solution, which contained 10 mgm. per 0.1 
cc., was diluted 1000 times. Tracings of the im- 
mediate reactions obtained after the injection of 
the various dilutions of all the substances into one 
of the patients are shown in Figure 1. 

None of the antigens caused an immediate re- 
action in any of the six normal persons tested. 
In two individuals, the area surrounding the site 
of injection of the concentrated Taenia saginata 
and Hymenolepis fraterna extracts promptly be- 
came slightly edematous, but the margins of the 
bleb never extended significantly, and no pseudo- 
podia were formed. When these antigens were 
diluted as little as 5 times, no reaction whatsoever 
was elicited in any individual. Occasionally, in 
some of the normal persons, an erythematous zone 
about an inch in diameter developed at the site 
of injection 3 or 4 days after the inoculation of 
the antigens, but this disappeared within the next 
24 hours or so, and seemed to have little or no 
relationship with the immediate positive reaction 
observed in the patients. 

SKIN TESTS IN PERSONS SENSITIZED LOCALLY WITH 

SERUM FROM A PATIENT WITH ECHINOCOCCUS 
DISEASE (PRAUSNITZ-KUSTNER TESTS) 

General methods 

Serums from two patients with echinococcus disease and 
from a normal person were diluted with two parts of 
physiological salt solution and passed through a sterile 
Seitz E-K filter. One-tenth cubic centimeter of each 
filtrate was then inoculated intracutaneously into a series 
of well-separated sites in the upper arm of two normal 


individuals. Forty-eight hours later, these prepared sites, 
as well as the control sites, were injected with the stock 
antigenic extracts of Taenia serrata , Taenia saginata, Hy- 
mcnolcpis fraterna, Moniesia expansa, Raillietina ccsti- 
cillus, and Diphyllobothrium mansonoides, and with a 
sample of hydatid cyst fluid. The reactions were read 
and recorded in the same manner as the direct tests upon 
the infected patients. The results of these tests with the 
serum from one patient and appropriate controls, as per- 
formed on two normal persons, are presented in Figure 2. 

RESULTS 

In all of the sites prepared by injection with the 
filtrates of the serums from the patients, a definite 
reaction to all the cestode antigens occurred, with 
wheals showing pseudopodia and attaining their 
greatest size in about 10 minutes. Delayed reac- 
tions, although in some cases definite, were mild 
when compared with those following the direct 
tests in the patients with the hydatid infection. 
No reaction whatsoever was observed at any of 
the sites prepared with the filtrate of normal se- 
rum, or at any of the antigen control sites. 

DISCUSSION 

The foregoing experimental work indicates that 
antigens capable of eliciting a skin reaction in 
hydatid patients can be derived from many dif- 
ferent species of cestodes. Suitable antigens seem 
to occur in greatest amount in cestodes closely 
related to the homologous parasite, and propor- 
tionately less in distantly related forms. It is 
noteworthy that the homologous hydatid mem- 
brane is particularly poor in the skin-testing 
substance. 

The presence of similar antigens in related ces- 
todes agrees in principle with what is known for 
other classes of helminths. For example, antigens 
from apparently any mammalian schistosomum 
serve in skin tests for human schistosomiasis (5). 
Suitable antigens for this purpose are said also 
to occur in the comparatively remotely related 
liver flukes (6). Likewise, among nematodes, a 
considerable community of antigens is apparent. 
The dog heartworm Dirofilaria hnmitis, for ex- 
ample, yields antigens useful for skin testing in 
infections with several different human filarias 
(7), and a rabbit oxyurid, Passalurus ambiguus , 
has provided antigens for identifying infection 
with the human pin-worm, Entcrobius vermicu- 
laris (8). The most inclusive group-reaction 
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Fig. 1 , Skin Reactions in a Patient with Echinococcus Disease After Injecting Progressive Dilu- 
tions of Extracts of the Following Cestodes: Echinococcus granulosus (Hydatid Membranes) from Man, 
Taenia serrata from the Dog, Taenia saginata from Man, Hymenolepis fratema from the Mouse, Moniccia 
expansa from the Sheep, Railltetina cesticillus from the Chicken, Diphyllobothrium mansonoides from the 
Cat, and Sparganum mansonoides from the Maeacus rhesus 
Tests with a protein-free polysaccharide derived from cysticerci of Taenia crassicollis from the rat are also 
shown. 

The inner circle represents the outline of the initial bleb, and the outer irregular line the greatest limits at- 
tained by the wheal in positive reactions. 
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Fig. 2. Prausnitz-Kustner Tests in Two Normal Subjects with Antigens 
Derived from Taenia serrata, Taenia saginata, Hymenolepis fraterna, Moniezia ex - 
pansa , Raillietina cesticillus, Diphyllobothrium mansonoides, and Echinococcus granu- 
losus 

Tests were carried out with each antigen in sites sensitized with serum from a pa- 
tient with hydatid disease, or with normal serum, and in previously unprepared sites. 
The small circle represents the limits of the initial bleb after the antigen injection. 
The irregular outer line represents the greatest limits of the wheal in positive tests. 
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among the nematodiases has been reported by 
Brunner (9), who concluded that an extract of 
Ascaris lumbricoides will elicit a skin test in per- 
sons with any nematode infection. 

Because of the group character of the reaction 
in the echinococcus skin test, positive responses 
obtained with antigens from any of the cestodes 
mentioned should be viewed critically before ac- 
ceptance as evidence for infection with echino- 
coccus disease. The possibility of infection with 
some other type of somatic cestode ( c.g cysti- 
cercosis, sparganosis) should especially be borne 
in mind because powerful and confusing skin re- 
sponses can be expected from them. 1 Most such 
infections, however, can be differentiated from 
echinococcus disease with little difficulty through 
clinical procedures. Furthermore, the intestinal 
cestode infections also must be ruled out because 
they sometimes produce skin reactions. The ex- 
clusion of these intestinal infections can generally 
be accomplished rather simply through careful 
stool examinations. It is therefore the opinion 
and experience of the authors that, in persons sus- 
pected of hydatid infection on clinical grounds af- 
ter other cestode infections have been excluded, a 
positive skin test with any of the antigens de- 
scribed provides critical evidence for the presence 
of this disease, especially when the test is per- 
formed with a well-diluted antigen. 

Considering the observations presented here 
from a purely practical standpoint, passive trans- 
fer reactions to antigens prepared from cestodes 
such as Taenia serrata may offer an additional 
method of diagnosis in echinococcus disease which 
has an advantage in certain extraordinary circum- 
stances. For instance, specimens of serum ob- 
tained for the Ghedini -Weinberg complement- 
fixation reaction (11) from patients residing at a 
distance may also be used to perform Prausnitz- 

1 Two human cases of experimentally induced spar- 
ganosis ( Diphyllobothrium viansonoides) have been skin 
tested by Mueller (10) of the New York State College 
of Forestry with antigenic extracts supplied by the au- 
thors. Positive tests were obtained with extracts of 
Diphyllobothrium viansonoidcs and Taenia serrata, pre- 
pared as described in this paper, as well as with the cyst 
fluid of Echinococcus granulosus. The reactions were of 
the immediate type with definite pseudopodia and ery- 
thema, while local induration persisted for some hours 
thereafter. 


Kiistner tests, thus skin-testing the patient, so to 
speak, by proxy. 

CONCLUSION 

Antigens suitable for eliciting skin reactions in 
patients with echinococcus disease can be derived 
from many different cestodes, including (in addi- 
tion to the specific larval parasite Echinococcus 
granulosus ) Taenia serrata , T . saginata, T . crassi- 
collis , Hymenolepis fraterna, Moniezia expansa , 
Raillietina cesticillus, and both the adult and spar- 
ganum of Diphyllobothrium viansonoides . 

These antigens will also elicit skin reactions in 
normal persons locally sensitized passively with 
the serum from patients with echinococcus disease. 

The authors wish to thank Dr. J. F. Mueller of the 
New York State College of Forestry (Syracuse) for the 
Diphyllobothrium viansonoides , Dr. N. R. Stoll of the 
Rockefeller Institute (Princeton) for the Monieda ex- 
pansa, and Drs. E. W. Price and G. W. Luttermoser of 
the Bureau of Animal Industry (Washington) for the 
Raillietina cesticillus. 
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Though osteomalacia is fundamentally a disease 
due to vitamin D deficiency and dietary calcium 
shortage, it is made manifest or aggravated by a 
host of predisposing factors among which the 
processes of reproduction deserve special atten- 
tion. Pregnancy and lactation, albeit normal 
physiological phenomena, make additional demands 
upon the calcium and phosphorus supplies of the 
mother, so that diets adequate under ordinary 
circumstances become deficient during reproduc- 
tive activity. Our previous reports (1, 2) on the 
metabolic data of eight Chinese lactating women, 
with or without osteomalacia, have demonstrated 
that the drain of lactation varies with the stage 
of lactation and the quantity of milk secretion. 
During late lactation when milk yield is small, 
positive balances in calcium and phosphorus can 
usually be secured with the addition of vitamin D, 
even when the intake of minerals is moderate or 
limited. However, in early lactation, especially if 
abundant, the loss of calcium in milk is so great 
that a high intake of calcium is essential in addi- 
tion to adequate vitamin D supply to prevent de- 
pletion of skeletal store. Therefore, if nursing 
is maintained on dietaries deficient in vitamin D 
and calcium, as is often the case in China, skeletal 
demineralization will inevitably result. 

A similar chain of events probably occurs in 
pregnancy. In this part of the reproductive cycle 
nutritional requirements are increased to provide 
building material for the fetus and its adnexa and 
for the development of maternal tissues such as 
the uterus, mammary glands and other organs, in 
order to meet the demands of labor and parturi- 
tion and to prepare for milk secretion. The quan- 
titative aspects of the question are not accurately 
known, but may be approached from the chemical 
analysis of fetuses at term and at various ages. 
Givens and Macy (3) and Macy and Hunscher 
(4) have shown the average calcium content of 


the human fetus at birth to be about 21 to 23 
grams; Coons et ah (5) give similar estimates, 
while Mcllroy (6) puts the figure considerably 
higher, namely, at 30 grams. The average phos- 
phorus content of the fetus at term is approxi- 
mately 14 grams. The whole subject has been 
reviewed by Macy and Hunscher (4) and by 
Garry and Stiven (7). It is generally accepted 
that the mineral needs of the fetus are insignifi- 
cant during the first four months, but from then 
on they increase rapidly so that about two-thirds 
of the total are deposited during the last three 
months. Therefore, a minimum of 200 mgm. of 
calcium and 100 mgm. of phosphorus per day 
should be retained by the mother during the last 
three months of pregnancy in order to satisfy the 
fetal requirement without drawing upon the ma- 
ternal mineral store. These estimates, though 
they are from Western sources, may serve to in- 
dicate the magnitude of drain upon the maternal 
tissues during pregnancy if living conditions and 
dietaries are incapable of supporting such a de- 
gree of mineral retention, as they appear to be 
frequently in China. 

The primary purposes of the work to be re- 
ported in the present communication are to ob- 
serve the calcium, phosphorus and nitrogen me- 
tabolism of patients with osteomalacia during 
pregnancy, to compare it with that of individuals 
without skeletal decalcification and to assess the 
relative importance of vitamin D, calcium and 
phosphorus intake in securing adequate mineral 
balances for the added requirements of gestation. 

PROCEDURE 

All the patients were studied in the metabolism ward 
where diets were quantitatively prepared and served, and 
excreta completely collected. The diets were practically 
free from vitamin D except those containing small 
amounts of eggs. They were low in calcium but, when 
desired, the calcium intake was raised by administering 



TABLE I 

Composition of diets in grams per day 
(Values for calcium, phosphorus and nitrogen are actually analyzed.) 
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Case 

Periods (4-day) 

Diet number 

Protein 

Carbohydrate 

Fat 

Calories 

Calcium, mgm 

Phosphorus, 7ngw 

Nitrogen 


a 7.7 per cent solution of calcium lactate. Distilled water 
was used for cooking and drinking. The diets were 
quantitatively consumed with the exception of a few 
instances. The refused food or vomitus, as the case may 
be, was then separately analyzed and subtracted from 
the day’s intake. The ward routines and chemical meth- 
ods for the analysis of food, excreta and serum were de- 
scribed previously (1, 2, 8). The metabolic periods were 
four days each. 


RESULTS 

This study includes ten Chinese women ad- 
mitted during various stages of pregnancy. For 
convenience in presentation, these subjects may be 
divided into 3 groups according to the condition 
of their skeletal system. Group I consists of 
three cases which may be considered, for our 
purpose, as normal controls, there being no tetany, 
nor roentgenologic evidence of osteomalacia. 
Group II contains four subjects, all of whom 
showed mild osteoporosis, and three of whom had 
active tetany prior to the metabolic studies. Group 
III is composed of three patients with advanced 
osteomalacia, with marked skeletal rarefaction, 
deformity and fractures. This classification is 
only approximate because slight depletion of the 
mineral contents of bones may be passed as normal 
and small differences in the density of bones from 
case to case are not detectable by x-ray examina- 
tion. Moreover, the current state of vitamin D 
nutrition, as shown by the metabolic behavior at 
the moment, may not always correspond with the 
condition of the skeleton. However, there is a 
general parallelism between the skeletal condition 
and the state of vitamin D store as revealed by 
metabolic observation in those patients receiving 
no prior vitamin D medication. 

Group I. Normal 

Case 1, K. C. H. This was a 19-year-old pri- 
mipara with normal serum calcium and inorganic 
phosphorus and without clinical or roentgenologic 
evidence of skeletal decalcification. She was ob- 
served for 13 four-day periods from the end of 
the eighth month of gestation to term. Two diets, 
one low in both calcium and phosphorus and the 
other low in calcium but moderate in phosphorus, 
alternated with each other every 2 periods. As 
seen from Figure 1 and Table II, an intake of 
141 to 150 mgm. calcium (Periods 1 to 4) gave 
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LUNAR MONTH OF GESTATION 

Fig. 1. Case 1. Calcium and Phosphorus Metabo- 
lism in a Presumably Normal Individual During the 
Latter Part of Pregnancy 


rise to considerable negative balance, averaging 92 
mgm. per day. Raising the intake to 500 mgm. 
(Periods 5 to 8) elicited barely even balances. 
On further augmenting the intake to 1000 mgm. 
(Periods 9 to 13), one notices a considerable cal- 
cium gain, namely, 284 mgm. per day. The cal- 
cium balance at a given level of calcium intake 
was not influenced by the different amounts of 
phosphorus in the two diets. 

However, phosphorus balances were naturally 
dependent on the phosphorus intake. With an 
intake of 325 to 358 mgm. per day (Periods 1 to 
2, 5 to 6 and 9 to 10), the balances were in the 
main negative, averaging 44 mgm. per day ; while 
an intake of 674 to 741 mgm. (Periods 3 to 4, 
7 to 8 and 11 to 13) gave rise to considerable gain, 
namely, about 160 mgm. per day. The extent of 
phosphorus retention at a given level of intake 
also depended upon the calcium intake. As the 
latter was gradually raised from 150 to 1000 
mgm., there was a progressive diminution of the 


negative phosphorus balance on the low phos- 
phorus intake and a similar increase of the posi- 
tive phosphorus balance on the moderate phos- 
phorus intake. This dependence of both calcium 
and phosphorus balances upon the calcium intake 
indicates that calcium is a more important limit- 
ing factor in the metabolism of the two elements, 
an observation which has already been described 
in our previous studies (9, 10). 

Nitrogen balances remained fairly satisfactory. 
Serum calcium did not vary significantly through- 
out the periods of observation, but there was a 
tendency for serum inorganic phosphorus to fluc- 
tuate with the phosphorus intake. 

In a previous communication (11), it has been 
shown that the earliest sign of vitamin D de- 
ficiency is a diminution or disappearance of urinary 
calcium. Increase of stool calcium, decrease of 
calcium balance and changes in serum calcium and 
phosphorus follow in that order as the deficiency 
is allowed to go on. This patient was able to 
maintain good amounts of calcium in the urine 
throughout the 13 periods of study. This, to- 
gether with the consistently normal serum calcium 
and phosphorus, indicates that the patient had an 
adequate store of vitamin D during the studies. 
Most of that store probably had been acquired 
prior to admission, as only one of the diets served 
on the ward contained any vitamin D -containing 
food, namely egg, and that in small amounts only. 

With vitamin D operative, one may perhaps 
expect this patient to keep definitely postive bal- 
ances on an intake of 500 mgm. calcium a day. 
However, only even balances were obtained, and 
this suggests that her usual intake had been at 
that level because, as previously pointed out (1), 
the calcium requirement depends upon, among 
other factors, the customary dietary level. If 500 
mgm. be the usual level of intake, considerably 
more should be supplied during pregnancy to meet 
the fetal needs. In this patient an intake of 1000 
mgm. of calcium enabled her to retain a sufficient 
amount for the added requirement. 

Case 2, W, T. Though this 17-year-old primi- 
para had a normal skeleton, her serum calcium 
and phosphorus were somewhat lower than nor- 
mal. Metabolic studies extended for 17 periods 
from the sixth to the eighth lunar month of gesta- 
tion (Table II). This subject was given 3 diets, 
all low in calcium, but progressive!}’ increased in 
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TABLE II 


Group 1. Normal calcium, phosphorus and nitrogen metabolism 


Case 

Date 

Period 

4-day 

Stage 

of 

gesta- 

tion 

Calcium, average daily 

Phosphorus, average daily 

Nitrogen, average daily 

Intake 

Urine 

Stool 

Balance 

Intake 

Urine 

Stool 

Balance 

Intake 

Urine 

Stoo 

Balance 

1. 

K.C.H. 

1937 

March 29-April 5 

April 6-13 

14-21 

22-29 

30-May 7 

May 8-19 

1-2 

3-4 

5-6 

7-8 

9-10 

11-13 

lunar 

months 

8-9 

9 

9 

9 

10 

10 

mgm. 

141 

150 

500 

500 

1000 

1015 

RSB 

mgm. 

60 

134 

376 

385 

612 

502 

mgm. 

- 83 
-100 

- 4 
+ 18 
4-188 
+348 

mgm. 

325 

674 

325 

674 

358 

741 

mgm. 

306 

459 

216 

268 

122 

208 

mgm. 

96 

196 

182 

259 

218 

266 

mgm. 

- 77 
+ 19 

- 73 
+147 
+ 18 
+267 


1 


grams 

+0.32 

+0.39 

+1.06 

+1.76 

+1.13 

+1.48 


1936-37 
















December 27-January 3 

1-2 

6 

189 

39 

256 

-106 

341 

327 

240 

-226 


B 


— 0.91 


January 4-11 

3-4 

6 “ 7 j 

192 

29 

162 

+ 1 

565 

445 

171 

- 51 

7.84 

7.29 


— 0.19 


12-19 

5—6 

7 1 

268 

20 

220 

+ 28 

826 

491 

258 

+ 77 

9.98 

8.57 


+0.54 

2. W.T. : 

20—27 

7-8 

7 

500 

57 

380 

+ 63 

426 

206 

295 

- 75 


7.80 

1.13 

+1.70 


28-February 4 

9-10 

7 

500 

9 

414 

+ 77 

706 

363 

247 

+ 96 


WMi 1 

0.86 

+1.74 


February 5-12 

11-12 

8 

500 

4 

444 

+ 52 

1032 

458 

388 

+ 186 

12.48 

8.21 

1.16 

+3.11 


13-20 

13-14 

8 

1000 

20 

682 

+298 

426 

378 

350 

-302 


7.94 

1.26 

+1.43 


21-28 

15-16 

8 

1000 

4 

809 

+187 

706 

288 

324 

1 + 94 


8.04 

0.94 

! +0.82 


March 1- 4 

17 

8 

1000 

12 

698 

+290 

1032 

329 

333 

! +370 

12.48 

9.31 

1.07 

+2.10 


1940 
















March 11-22 

1-3 

7 

WBm 

3 

138 

+136 

1296 

544 

463 

+289 

14.67 

9.22 

1.99 

+3.46 


23-April 3 j 

4-6 

8 

Em 

6 

939 

1 +369 

837 

426 

294 

+117 

12.34 

9.66 

1.15 

+1.53 

3. 

April 4-15 ! 

7-9 

8 

■ESI 

5 

507 

-235 

1296 

581 

566 

+149 

14.67 

9.15 

2.29 

+3.23 

D.C.P. 1 

16-27 

10-12 

8-9 

1314 

7 


+487 

837 

437 

223 

+177 

12.34 

8.54 

0.99 

+3.45 


28-May 9 

13-I5*i 

9 

277 

2 

326 

- 51 

1296 

614 

EEEH 

+182 

14.67 

8.89 

1.74 

+4.04 


May 10-21 

16-18 

9 

1314 

297 

475 

+542 

837 

281 

242 

+314 

12.34 

8.54 

1.28 

+2.52 


22-June 2 

19-21 

10 

218 

21 

128 

+ 69 

1277 

552 



14.48 

8.44 

2.05 

+3.99 


June 3-14 

22-24 

10 

1257 

118 

446 

+693 


189 

261 

+258 

12.65 

7.91 

1.06 

+3.68 


* Vigantol during Periods 13-16. 


phosphorus content. She showed similar meta- 
bolic behavior to Case 1 in that negative calcium 
balances ( — 26 mgm. daily) prevailed on an in- 
take of 189 to 268 mgm., slightly positive balances 
(64 mgm. daily) were obtained on an intake of 
500 mgm. and substantial gain (253 mgm. daily) 
was secured on an intake of 1000 mgm. This is 
also true with phosphorus balances which varied 
directly not only with the level of phosphorus in- 
take but also with that of calcium intake. 

In comparison with the first case, although this 
individual exhibited the same degree of conserv- 
atism in handling calcium and phosphorus, her 
store of vitamin D was probably not as adequate, 
in that the levels of serum calcium and phosphorus 
were not strictly normal and urinary calcium 
tended to decrease and disappear even on high 
intake. Although small amounts of eggs were 
present in the diet, they were evidently not suf- 
ficient to prevent a gradual depletion of the scanty 
vitamin D store of the body. However, an intake 
of 1000 mgm. of calcium seemed adequate to 
fulfill the requirements of pregnancy even if the 
vitamin D store was somewhat inadequate. 

Case 3, Mrs. L. C. P. This pregnant woman, 
para IV, was considered normal from the stand- 
point of her skeleton, and her serum calcium and 


phosphorus on admission were essentially normal. 
The plan of observation in this case consisted of 
3 periods of low calcium-high phosphorus intake 
followed by 3 periods of high calcium-moderate 
phosphorus intake; and this cycle was repeated 
3 more times. Therefore, the study covered 24 
periods from the seventh month to term. The 
data are set forth in Figure 2 and Table II. Dur- 
ing the first 3 periods on low calcium diet (2 77 
mgm.), the patient exhibited extraordinary ability 
in maintaining positive balance, averaging 136 
mgm. per day. During the next 3 periods on 
high calcium intake (1296 mgm.), the average 
positive balance of 369 mgm. per day was like- 
wise satisfactory. When the cycle of dietary 
regime was repeated, though the calcium balance 
was excellent on high intake (Periods 10 to 12), 
it was markedly negative on low intake (Periods 
7 to 9), indicating poor conservation. This, to- 
gether with a tendency for the serum calcium to 
fall during the low calcium periods, suggests the 
wearing out of whatever vitamin D store the pa- 
tient might have had at the beginning of the 
studies. 

The supply of vitamin D as Vigantol 1 cc. per 
day (12,000 international units) for Periods 13 
to 16 brought about striking changes. From Pe- 
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riod 13 to 15, the first 3 periods of Vigantol ad- 
ministration, when the effect of the therapy could 
hardly be maximal, the calcium balance on low 
intake began to show favorable influence. In the 
next 3 periods (Periods 16 to 18), while on high 
calcium intake, the stool calcium was much re- 
duced, and the urinary calcium much increased. 
As the reduction of calcium in the stool was 
greater than the increase of urinary calcium, the 


net balances exceeded those of previous periods 
on similar high intake. The last 6 periods showed 
even better calcium retention. During Periods 22 
to 24, the average daily retention was 693 mgm., 
namely, 55 per cent of the intake. 

Phosphorus balances remained positive through- 
out, more so after Vigantol administration. Pe- 
riods of high phosphorus intake were not neces- 
sarily associated with greater phosphorus retention 



Fig. 2. Case 3. Calcium and Phosphorus Metabolism in a Woman During the Latter Part 

of Pregnancy 
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than periods of moderate phosphorus intake. In 
fact, the average daily retention during all the 
moderate phosphorus periods was slightly more 
than that during all the high phosphorus periods, 
undoubtedly because of the limiting effect of low 
calcium intake during the latter. 

Serum calcium and phosphorus both showed a 
tendency to rise after vitamin D therapy. The 
rise of serum phosphorus was particularly strik- 
ing. The nitrogen balance remained excellent 
throughout. 

In comparison with the preceding case, this pa- 
tient probably had even scantier vitamin D store, 
because the urinary calcium was absent from the 
beginning of the experiment. The unusual ability 
to maintain a positive calcium balance on a low 
intake during the first 3 periods is to be explained 
by her previous low calcium intake, which was 
quite likely the case. In agreement with this sup- 
position is her inability to maintain a balance when 
the low calcium intake periods were repeated im- 
mediately after 3 periods of high intake. How- 
ever, further depletion of the scanty vitamin D 
store probably played a contributory role in the 
difference in behavior between the first and second 
series of low calcium intake periods. 

In spite of inadequate vitamin D store, an in- 
take of approximately 1300 mgm. of calcium re- 
sulted in adequate retention for the heightened re- 
quirements of pregnancy. However, the supply 
of vitamin D constitutes a more fundamental solu- 
tion to the problem. Thus, after Vigantol admin- 
istration in this case, not only did the urinary 
calcium appear, the calcium balances on high in- 
take improve and the serum calcium and phos- 
phorus rise to normal, but also positive balances 
were maintained on low intake. With adequate 
vitamin D supply the calcium intake necessary for 
the requirements of pregnancy could be consider- 
ably reduced from 1.3 grams. 

Comment. These three patients are alike in 
possessing normal skeletal mineral store, but they 
differ in the state of vitamin D nutrition. The 
first subject apparently had an adequate store of 
vitamin D so that 13 four-day periods of a diet 
low in vitamin D failed to elicit any evidence of 
depletion. The average daily calcium retention 
on high intake was 284 mgm., namely 28 per cent 
of the intake. The vitamin D store of the second 
subject was not so adequate, in that signs of de- 


pletion began to occur after a similar period of 
study. However, the extent of calcium retention 
was approximately the same, namely 263 mgm. on 
high intake, or 26 per cent. The third patient 
showed evidence of depletion even earlier in the 
course of observation than in Case 2. Still, the 
extent of calcium retention on high intake re- 
mained satisfactory (28 per cent during Periods 4 
to 6 and 37 per cent during Periods 10 to 12). 
These observations indicate the frequency of the 
existence of early or subclinical vitamin D de- 
ficiency as in the second and third patients. Such 
deficiencies cannot be recognized unless detailed 
metabolic observations are made. In such cases, 
however, high calcium intake (1 to 1.3 grams) 
exerts an ameliorative influence and even promotes 
sufficient calcium retention for the augmented re- 
quirements of gestation. On the other hand, vita- 
, min D is such an economizer of calcium that in 
the presence of a lower level of calcium, as is the 
rule here, an adequate supply of vitamin D is im- 
perative, especially during periods of reproductive 
activity. 

Group II. Early or mild osteomalacia 

Case 4 , Mrs. L. C. F. Though this 19-year-old 
primipara had no history or clinical evidence of 
osteomalacia or tetany, a roentgenologic survey of 
the skeleton showed slight but definite osteoporo- 
sis. Similar to Case 3, a low calcium-high phos- 
phorus regimen alternated with a high calcium- 
moderate phosphorus regimen, covering a total of 
18 four-day periods from the eighth month of ges- 
tation to term. The first series of 6 periods (Ta- 
ble III) witnessed a slightly positive calcium bal- 
ance on an intake of 215 mgm. per day and a 
substantial gain (averaging 401 mgm. daily or 31 
per cent) on an intake of 1275 mgm. per day. 
But, as the studies proceeded, a negative balance 
prevailed on a low intake, and retention on a high 
intake steadily diminished so that during the last 
2 periods hardly any calcium was retained. This 
extraordinary behavior indicates the markedly de- 
fective intestinal absorption of calcium usually 
seen in advanced vitamin D deficiency. 

Phosphorus balances were slightly positive 
throughout, but they tended to be less so with 
progress of time, corresponding to the behavior 
of calcium balances. Serum calcium remained 
constantly between 8 and 9 mgm., while inorganic 
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phosphorus, slightly above 3 mgm. at the begin- 
ning, went down to 2 mgm. per cent towards the 
latter part of the studies. Phosphatase was 
slightly above normal, mostly between 4 and 6, 
but on occasions above 7 Bodansky units. 

The point worthy of note in this patient is that, 
in severe vitamin D depletion, even an intake as 
high as 1275 mgm. calcium may not enable the 
patient to maintain a positive balance. This fact 
may serve to support the contention that adequate 
vitamin D plays a more important role than high 
calcium intake in promoting calcium gain. 

Case 5, Mrs . S . P. S . This subject, aged 29 
years, para IV, may be characterized as a case of 
mild osteomalacia and latent tetany. Her studies 
during 7 four-day periods between the fifth and 
sixth months of gestation showed slightly nega- 
tive calcium balances on an intake of 260 mgm. 
and an average daily retention of 363 mgm. on an 
intake of 1197 to 1266 mgm. (Table III). The 
same dietary regimen was repeated eleven days 
after spontaneous abortion of twin fetuses. Both 
the negative balances in calcium on low intake and 
the positive balances on high intake (averaging 
302 mgm, daily) were essentially the same as those 
during pregnancy. Nor were there pronounced 
differences in phosphorus retention between the 
observations during pregnancy and those after de- 
livery. However, there was an unquestionable 
tendency for both serum calcium and phosphorus 
to rise after parturition. Whereas before de- 
livery serum calcium varied between 7.14 and 8.47 
m gm., its range after delivery was between 7.24 
and 8.96 mgm. per cent. Likewise, serum phos- 
phorus, varying between 1.73 and 2.24 during 
pregnancy, was from 2.11 to 3.47 mgm. per cent 
after delivery. 

In this patient moderate vitamin D deficiency 
was present, as evidenced by the low serum cal- 
cium and phosphorus, the absence of calcium in 
urine and the failure to retain larger amounts of 
calcium than she did in the face of mineral short- 
age in the skeleton. 

This patient gave us the opportunity to com- 
pare the metabolic behavior of the same individual 
during pregnancy with her behavior postpartum 
and uncomplicated by lactation. The results re- 
vealed no essential difference between pregnancy 
at the fifth and sixth months and reproductive rest, 
as far as the mineral balances were concerned. 


Of course, one is aware of the fact that during 
pregnancy a goodly portion of the retained min- 
eral goes to supply the fetus and its adnexa, while 
during reproductive rest all remains in the ma- 
ternal tissues. This is probably the explanation 
for the tendency of the serum calcium and phos- 
phorus to rise after the termination of the preg- 
nancy without any change in the dietary regimen 
and without any addition of vitamin D, as shown 
by this patient. 

However, there was no extra demand over and 
above what was required by the products of con- 
ception for growth and development. This is in 
distinct contrast to the state of affairs in active 
and early lactation where, it has been demon- 
strated (1, 2), the metabolic processes are so 
greatly stimulated that calcium has to be supplied 
not only to cover what is secreted in the milk, but 
also to cope with this less well-defined factor of 
stimulation. - This is true even in the presence of 
adequate vitamin D supply. From this we may 
infer that the drain of pregnancy, as a rule, is not 
as great as that of lactation. 

Case 6 , Mrs . C. W. C. This woman of 31 
years of age, with mild osteomalacia, cataract and 
tetany for many years, was studied during the 
eighth to tenth months of her fourth pregnancy. 
Prior to the commencement of metabolic observa- 
tions, calcium gluconate and small amounts of 
vitamin D were given so that tetany was con- 
trolled. Metabolic behavior for the first 3 periods 
on a daily intake of 212 mgm. of calcium (Table 
III) was conservative in that positive balances 
were observed. With the intake raised to 1257 
mgm. per day, the daily calcium retention aver- 
aged 416 mgm. (Periods 4 to 6). When the low 
calcium diet was repeated during Periods 7 to 9 
and 13 to 15, negative balances prevailed, partly 
because of the preceding high calcium regimen 
and partly because of beginning depletion of the 
scanty store of vitamin D acquired prior to the 
studies. However, with high calcium intake dur- 
ing Periods 10 to 12 and 16 to 18, the patient had 
no difficulty in securing adequate positive bal- 
ances which were, respectively, 324 and 474 mgm. 
per day. 

Phosphorus balances were, on the whole, posi- 
tive, the extent of retention varying with the level 
of phosphorus intake as well as with that of cal- 
cium intake. Serum calcium fluctuated irregu- 
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TABLE III 


Group 2. Early or mild, osteomalacia. Calcium, phosphorus and nitrogen metabolism 


Case 

Date 

Period 

4-day 

Stage 

of 

gesta- 

tion 

Calcium, average daily 

Phosphorus, average daily 

Nitrogen, average daily 

Intake 

Urine 

Stool 

Balance 

Intake 

Urine 

Stoo 

Balance 

Intake 

Urim 

Stoo 

Balance 

B 

1939-40 

October 30-November 10 
November 1 1-22 

23-December 4 
December 5-20 

21-January 1 
January 2- 9 

1-3 

4-6 

7-9 

10-13 

14-16 

17-18 

lunar 

months 

8 

8- 9 

9 

9- 10 
10 

10 

mgm. 

215 

1275 

215 

1275 

215 

1275 

mgm. 

6 

5 

5 

4 

4 

4 

mi 

mgm. 

+ 37 
+402 
-109 
+205 
- 90 
+ 19 

mgm. 

926 

692 

926 

692 

926 

692 

mgm. 

369 

282 

SOS 

288 

435 

267 

mgm. 

426 

249 

419 

308 

377 

364 

mgm. 

+131 
+161 
+ 2 
+ 96 
+114 
+ 61 

grams 

9.69 

8.69 

9.69 

8.69 

9.69 

8.69 


gram 

2.21 

1.58 
1,89 
1.82 

1.59 
1.67 

grams 

+1.84 

+1.48 

+1.26 

+2.22 

+2.96 

+2.45 



1940 
















February 

7-18 

1-3 

5 

260 

0 

314 

- 54 

1199 

500 

576 

+123 

12.59 

7.88 

2.06 

+2.65 

5 


19—26 

4-5 

5-6 

1197 

2 

786 

+409 

782 

324 

436 

+ 22 


8.10 

1.76 

+2.24 

S.P.S. 


27-March 5* 

6-7 

6 

1266 

2 

948 

+316 

753 

238 

374 

+141 

11.77 

7.92 

1.87 

+1.98 


March 

18-29 

11-13 


260 

2 

322 

- 64 

1199 

660 

494 

+ 45 

12.59 

9.23 

1.52 

+1.84 



30-April 10 

14-16 


1266 

4 

960 

+302 

753 

256 

278 

+219 

11.77 

7.58 

1.27 

+2.92 


1939-40 







mm 









November 19-30 

1-3 

8 

212 

9 

145 

+ 58 

ESI 

588 

349 

+138 

14.19 

7.8 

1.93 

-4-2.48 

6 

December 

1-12 

4-6 

8 

1257 

21 

821 

+415 

Hi 

399 

234 

+ 70 

9.42 

7.29 

1.37 


C.W.C. 


13-24 

7-9 

8-9 

212 

2 

342 

-132 

mum 

458 

413 

+204 

14.19 

8.23 

1.56 




25-January 5 

10-12 

9 

1257 

2 

931 

+324 

m 

1 281 

I 244 

1 +178 

9.42 

5.90 

1.25 

+2.27 


January 

6-17 

13-15 

9-10 

222 

5 

398 

-181 

■nil 

509 

452 

+162 

■MOM 

9.17 

1.76 

+4.13 



18-29 

16-18 

10 

1257 

3 

780 

+474 

mm 

316 

283 

+104 

9.42 

7.12 

1.19 

+1.11 



1937 


1 






«■ 








March 

13-20 

1-2 

5 

160 

48 

163 

- 51 

1026 

mfwm 

mSm 

+154 

10.49 

7.95 

1.53 

+1.01 



21-28 

3-4 

5 

205 

41 

82 

+ 82 

651 


328 

- 65 

9.30 

6.93 

1.27 

+1.10 



29-April 5 

5-6 

5-6 

142 

48 

62 

+ 32 

308 

Bril 

176 

- 9 

8.64 

6.68 

1.28 

+0.68 


April 

6-13 

7-8 

6 

1000 

70 

640 

+290 

1026 


630 

+268 

10.49 

7.52 

1.56 

+1.41 

7 


14-21 

Ksnii 

6 

1000 

44 

872 

+ 84 

651 

274 

447 

- 70 

9.30 

7.84 


+0.26 

W.E.T. 


22-29 

11-12 

6 

1000 

74 

710 

+216 

308 

84 

242 

- 18 

8.64 

6.85 


+0.94 



30-May 7 

13-14f 

7 

160 

18 

256 

-114 

1026 

280 

564 

+182 

10.49 

7.05 

1.46 

+1.98 


May 

8-15 

15-16 

7 

205 

33 


+112 

651 

326 

219 

+106 

9.30 

6.34 

1.34 

+1*62 | 



16-23 

17-18 

7 

142 

58 

46 

+ 38 

308 

136 

HEM 

+ 32 

8.64 

5.87 

1.31 

+1.46 



24-31 

19-20 

7-8 

1000 

188 

438 

+374 

1026 

136 

579 

+311 

10.49 

6.68 

1.74 

+2.07 


June 

1-8 

21-22 

8 

1000 

228 

361 

+411 

651 

176 

310 

+165 

9.30 

6.02 


+1.88 



9-12 

23 

8 

1000 

272 


+358 

308 

105 

HI 

- 5 

8.64 

5.71 


+1.63 


* Abortion March 7. 


t Vigantol during Periods 13-23. 


larly between 8.12 and 9.73 mgm. per cent, while 
inorganic phosphorus ranged between 3.45 and 
4.09 mgm. per cent. Thus, all the serum inor- 
ganic phosphorus values were normal, and most of 
the serum calcium values were within normal lim- 
its. Phosphatase was normal throughout. 

Though this patient showed more marked ana- 
tomical evidence of previous vitamin D deficiency 
(osteomalacia, tetany and cataract) than the two 
preceding subjects, her metabolic behavior exem- 
plified a greater degree of conservatism in that 
her serum calcium and phosphorus were main- 
tained within normal limits, and her calcium bal- 
ance on high intake was on the average somewhat 
higher. This more conservative behavior was 
most likely the result of the limited supply of 
vitamin D received prior to the studies. How- 
ever, this supply was inadequate to enable her to 
maintain a balance on low calcium intake and to 
eliminate significant amounts of calcium in the 
urine. In other words, there was room for im- 
provement in her metabolic behavior, as in Case 3, 


if a more adequate supply of vitamin D had been 
available to her. 

Case 7 , Mrs. W. E. T. Similar to the fore- 
going case, this was one of mild osteomalacia, 
cataract and tetany of many years’ duration. 
Likewise, this patient received calcium and cod 
liver oil prior to the metabolic observation for 
the treatment of her tetany, so that her serum 
calcium and phosphorus were within normal limits 
and her metabolic behavior was conservative by 
the time the studies were begun (Table III). She 
was given for the first 2 periods a low calcium- 
high phosphorus diet, and successively for 2 pe- 
riods each, two diets similarly low in calcium but 
progressively lower in phosphorus. On the low 
calcium intake (142 to 205 mgm. per day) the 
average balance was slightly positive and a con- 
siderable proportion of the calcium output was in 
the urine, showing that vitamin D action was op- 
erative. When this series of diets was repeated, 
but with the calcium intake raised to 1000 mgm. 
a day (Periods 7 to 12), the average daily bal- 
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ance was 195 mgm., and the urinary calcium, 
though smaller in relation to the total output, was 
still considerable, showing that her response to 
high intake was fairly satisfactory by reason of 
the prior vitamin D store. However, that this 
was not the best performance of which the pa- 
tient was capable was demonstrated by the obser- 
vations during the subsequent 11 periods in which 
vitamin D in daily doses of 1 cc. of Vigantol, or 
12,000 international units, was given. The first 6 
periods on vitamin D therapy were on low calcium 
regimen (Periods 13 to 18), and no obvious dif- 
ference was noted in the calcium balance, but, 
subsequently, during Periods 19 to 23, while on 
high calcium diet, definite changes took place. 
Not only did the average daily retention improve 
to 386 mgm., but also the urinary calcium in- 
creased greatly. The urinary calcium averaged 
221 mgm. per day, amounting to 36 per cent of 
the total output, signifying that intestinal absorp- 
tion of calcium had improved so that much more 
calcium was absorbed than could be retained. 

Phosphorus balances varied not only with the 
levels of phosphorus and calcium intake, but also 
with the state of vitamin D nutrition. All the 
high phosphorus periods (1 to 2, 7 to 8, 13 to 14 
and 19 .to 20) were associated with considerable 
positive balance, especially in periods of high cal- 
cium intake and after Vigantol therapy. In pe- 
riods of moderate phosphorus intake (Periods 3 
to 4, 9 to 10, 15 to 16 and 21 to 22), the balances, 
which were negative prior to vitamin D therapy, 
became positive afterwards. Low phosphorus pe- 
riods showed slightly negative balances, the degree 
of phosphorus loss remaining uninfluenced by the 
high level of calcium intake or by the vitamin D 
therapy. 

Serum calcium, fairly normal to start with, 
tended to fall as studies progressed until vitamin 
D was given. After this it slowly returned to the 
initial value. A more definite rise occurred in 
the level of serum inorganic phosphorus after 
Vigantol administration. 

This patient, though clinically similar to the 
preceding patient, was somewhat different in meta- 
bolic behavior, in that urinary calcium persisted in 
significant amounts, indicating the presence of a 
greater store of vitamin D. However, that this 
store was not the optimum was shown by the im- 
provement in calcium balance, the increase in 


urinary calcium and the rise in serum phosphorus 
subsequent to Vigantol administration. 

Comment . The four patients in this group 
are united by the presence of a mild degree of 
skeletal osteoporosis, but they vary in their meta- 
bolic behavior by reason of the varying store of 
vitamin D, Cases 4 and 5, though presenting less 
anatomical evidence of vitamin D deficiency than 
Cases 6 and 7, were nevertheless more deficient 
in vitamin D, as shown by the metabolic behavior 
at the time of observation. Obviously, anatomical 
evidence and metabolic behavior may not neces- 
sarily correspond with each other at a given mo- 
ment. The former is the result of the extent and 
duration of previous vitamin D deficiency, and 
once the skeleton is decalcified to an extent to be 
appreciable by roentgenologic examination, a long 
period of replenishment is required to eradicate 
the physical evidence of disease. Some of the 
evidence, such as cataract, may remain perma- 
nently, even if the skeletal lesion is all repaired. 
On the other hand, metabolic behavior is dynamic, 
readily influenced by such small amounts of vita- 
min D as may be introduced by involuntary ex- 
posure to sunlight, inclusion in the diet of such 
items as eggs (11), or the use of limited amounts 
of cod liver oil for medication, as in Cases 6 and 
7. Such factors, often neglected or unrecognized, 
may make no difference to an individual with an 
abundant store, but they exert a corrective influ- 
ence on the metabolic behavior of a patient with 
vitamin D deficiency, and therefore must be taken 
into account in interpreting the metabolic data 
obtained. Furthermore, such vitamin D supply is 
usually small and, if not continued, can easily be 
depleted so that metabolic evidence of vitamin D 
deficiency appears after a varying number of pe- 
riods of conservative behavior. This was true of 
Cases 4 and 6 and would have been true of Case 
7, had vitamin D been withheld from her. Case 
5 was probably deficient in vitamin D from the 
beginning of the metabolic observations. 

Therefore, as a group, these patients all showed 
mild but definite osseous evidence of previous vi- 
tamin D deficiency, but at the time of observation 
the metabolic behavior indicated a greater current 
deficiency of the vitamin in Cases 4 and 5 than 
in Cases 6 and 7, in which some cod liver oil had 
been given prior to the observations. In severe 
deficiency (Case 4), high calcium may be of no 
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avail in promoting sufficient calcium gain for the 
fetal needs, although in moderate deficiency (Case 
6), it is capable of doing so. With adequate 
vitamin D supply, high calcium intake will enable 
the patient not only to take care of the demands 
of pregnancy, but also to store enough calcium 
for the reparation of her depleted skeleton. Thus, 
in the treatment of this group of patients, ade- 
quate vitamin D therapy, as well as high calcium 
intake, is necessary. 

Comparison of this group of patients with mild 
skeletal decalcification with the previous group 


without bone lesions shows no essential differences 
in metabolic behavior except insofar as they are 
related to the state of vitamin D nutrition. In 
the first group, absence of bone lesions is asso- 
ciated with an early or a mild grade of vitamin 
D deficiency, if it is present at all. On the other 
hand, in the second group where bony decalcifica- 
tion is already recognizable, usually severer grades 
of vitamin D deficiency are present if not pre- 
viously treated. Whatever metabolic differences 
may exist between the two groups are to be 
accounted for by the differences in vitamin D store 
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TABLE IV 

Group 3. Advanced osteomalacia. Calcium , phosphorus and nitrogen metaholism 


Case 

Date 

Period 

Static 

of 

Calcium, average daily 

Phosphorus, average daily 

Nitrogen, average daily 

4 -day 

gesta- 

tion 

Intake 

Urine 

Stool 

Balance 

Intake 

Urine 

Stool 

Balance 

Intake 

Urine 

Stool 

Balance 

8 

L.H.M, 

1938-39 

November 20-27 

28-Deccmber 9 
December 30-25 

30-January 14 
January 15-22 

23-Fcbruary 7 

1-2 

3-5 

6 -9* 
11-14 
15-16 
17-20 

lunar 

months 

7 

8 

8 

9 

9 

10 

mgm. 

27 3 
1473 

3 473 
1473 
1471 
1468 

■mgm. 

5 

3 

340 

125 

256 

no 

mgm. 

274 

1147 

835 

327 

294 

225 

mgm. 

- 6 
+ 323 
4- 498 
+1021 
+ 921 
4-1133 

mgm. 

724 

724 

724 

725 
694 

1030 

mgm. 

556 

406 

231 

114 

42 

231 

mgm. 

2 65 
296 
257 
188 
178 
214 

mgm. 

- 97 
+ 22 
4-236 
+423 
+474 
+585 

grams 

10.39 

10.39 

10.39 

6.87 

9.10 

9.10 

grams 

8.86 

7.05 

6,42 

4.57 

5.11 

5.87 

grams 

2.00 

1.55 

1.63 

1.24 

1.34 

1.54 

grams 

-0.47 

+1.79 

+2.34 

+1.06 

+2.65 

+1.69 

9 

1938-39 

December 26-January 10 

1-4 

9 

1483 

60 

1268 

4- 155 

832 

405 

379 

+ 48 

10.52 

7.47 

1.58 

+1.47 

W.H.S. 

January 11-14 

5f 

10 

1438 

123 

1360 

- 45 

914 

371 

381 

+162 

10.80 

7.45 

1.77 

+1.58 


15-Fcbruary 3 

6-10 

10 

1398 

181 

893 

4* 324 

878 

337 

282 

+259 

10.33 

6.68 

1.70 

+1.95 


1934-35 

September 18-October 3 j 

1-4 

3-4 

304 

6 

124 

4- 174 

974 

436 

285 

+253 

10.40 

8.12 

0.94 

+1.34 


October 4-15 

5-7 

4 

458 

0 

179 

4- 279 

919 

364 

324 

+231 

6.88 

5.91 

0.93 

+0.04 


16-23 

8-9 

4 

118 

4 

211 

- 97 

634 

281 

404 

i - 51 

1 8.16 

5.13 

1.35 

+1.68 


24-Novembcr 4 

10-12 

5 

88 

1 

65 

4- 22 

476 

240 

264 

! - 28 

: 6.08 

3.65 

1.19 

+1.24 


November 5-20 

13-16 

5 

126 

0 

97 

4- 29 

1041 

466 

414 

+161 

: 12.00 

8.31 

1.28 

+2.41 


21-28 

17-18 

6 

1948 

233 

808 

4- 907 

323 

22 

194 

+107 

9.54 

! 5.98 

1.05 

i +2.51 

10 

December 3-10 

20-21 

6 

1937 

13 

1384 

4- 540 

1041 

126 

494 

+421 

12,00 

! 8,40 

1.13 

+2.47 

Y.W.L. 

11-18 

22-23J 

6 

1937 

23 

1034 

4- 880 

1041 

140 

403 

+498 

12.00 

8.38 

0.93 

+2.69 


19-30 

24-26 

7 

1937 

91 

888 

4- 958 

1041 

42 

468 

+531 

12.00 

8.41 

1.19 

+2.40 


31 -January 15 

27-30 

7 1 

1937 

119 

797 

4-1021 

1041 

12 

422 

+607 

12.00 

8.77 

1.22 

+2.01 


January 16-23 

31-32 

8 

1937 

92 

990 

4- 855 

1041 

52 

470 

+519 

12.00 

8.82 

1.23 

+1.95 


February 5-12 

36-37 

8 

1945 

202 

1030 

4- 713 

1108 

12 

658 

+438 

12.16 

8.55 

1.32 

+2.29 


13-28 

38-41 

9 

1945 i 

202 I 

1086 

4- 657 

1108 

12 

7 36 

+360 

1 2.16 

9.33 

1.42 

+1.41 


March 1-12 

42-44 

9 

1943 

81 

1158 

4- 704 

1091 

165 

515 

+411 

12.00 

8.89 

1,21 

+1.90 


13-24 

45-47 

10 

1945 ! 

SI 

1047 

4- 847 

1108 

214 

429 

+465 

12.16 

9.22 

0.87 

+2.07 


25-April 9 

48-51 

10 

1945 

95 

1472 

4- 378 

| 1108 

275 

! 605 

+228 

12.16 

9.24 

1.22 

+1.70 


* Vigantol during Periods 6-13. t Vigantol in this period. % Vigantol during Periods 22-51. 


rather than by the presence or absence of slight 
bony rarefaction. 

Group III . Advanced osteomalacia 

Case 8 , Mrs. L. H . M. This subject, aged 33 
years, was admitted for study at the seventh 
month of her fourth pregnancy. She had severe 
osteomalacia with symptoms dating back eleven 
years, which was shortly after the birth of her 
first child. The metabolic data of 20 periods are 
presented in Figure 3 and Table IV. In the first 
2 periods on an intake of 273 mgm. of calcium 
per day, the output, all in the stools, almost bal- 
anced the intake. Beginning with Period 3, the 
intake was raised to 1473 mgm. daily. During 
the first 3 periods on the augmented intake, there 
was, on the average, a daily retention of 323 mgm., 
or 22 per cent of the intake. This degree of re- 
tention may not be abnormally low for a person 
with a normal skeleton, but for a patient like this 
with such extensive bony decalcification, together 
with absence of urinary calcium and low serum 
calcium and phosphorus, it indicates poor intes- 
tinal absorption or severe vitamin D deficiency. 
The correctness of this interpretation is shown by 


her response to Vigantol therapy which was given 
from Period 6 to 13. From Period 7 onward 
there was a progressive decrease of stool calcium 
and, at the same time, the appearance of a con- 
siderable amount of calcium in the urine. The 
average daily retention from Period 11 to 20 was 
over 1 gram or 70 per cent of the intake. If the 
last 4 periods, in which the phosphorus intake was 
raised, were considered alone, the retention aver- 
aged 1133 mgm. a day or 77 per cent of the 
intake. The amount retained would enable the 
patient not only to meet the requirements of preg- 
nancy, but also to repair her depleted skeleton. 
Her symptoms were considerably improved. 
Phosphorus balances were generally parallel 
with calcium balances. Serum calcium, 6.58 to 
7.18 mgm. per cent during the low calcium pe- 
riods, was raised to a maximum of 7.90 mgm. 
per cent during high calcium periods. After 
Vigantol administration, a slight further rise oc- 
curred, but the highest figure reached was only 
8.36 mgm. per cent. Serum inorganic phosphorus, 
1.45 mgm. per cent to start with, remained at this 
level until vitamin D administration, after which 
it showed steady elevation, the maximum being 
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3.06 mgm. per cent. Serum phosphatase, 4.2 to 
6.70 Bodansky units per 100 cc., was lowered to 
2.35 to 3.54 units after Vigantol therapy. 

This patient, who had a severe osteomalacia, 
showed evidence of vitamin D deficiency in the 
early part of the metabolic observations. With 
vitamin D therapy there resulted remarkable cal- 
cium and phosphorus retention. Over and above 
what was required by the fetus, a substantial part 
of the retained minerals must have been deposited 
in the depleted skeleton. In this case, serum 
calcium and phosphorus failed to rise to perfectly 
normal levels in spite of adequate vitamin D 
therapy. Thus it seemed as if the urgent re- 
quirement of the skeleton, as well as of the fetus, 
had to be fulfilled at the expense of the serum 
concentration of these elements. 

Case 9, Mrs. W. H. S. This patient, aged 29 
years, was observed for 10 four-day periods dur- 
ing the last part of her fourth pregnancy. While 
the history of osteomalacia and tetany had been 
of eleven years’ duration, and bony deformities 
were marked, the degree of skeletal rarefaction 
was not as extensive as in the preceding case, 
partly on account of previous treatment. As 
shown in Table IV, the average calcium balance 
on an intake of 1483 mgm. per day during the 
first 4 periods was 155 mgm., or approximately 
10 per cent of the intake. The poor calcium 
retention, together with low serum inorganic phos- 
phorus and relatively low calcium, indicates defi- 
nite vitamin D deficiency. Vitamin D in the form 
of Vigantol 5 cc. daily was given for four days 
during Period 5. The response during the sub- 
sequent 5 periods consisted of an increase of the 
average calcium retention to 324 mgm. per day, 
or 23 per cent of the intake, and a considerable 
increase of urinary calcium. The response, how- 
ever, was probably not the best of which the pa- 
tient was capable in view of the unusual manner 
in which vitamin D was given. Large doses of 
Vigantol given for a few days might not be as 
efficient as smaller doses spread over a longer 
period of time, although single massive doses of 
vitamin D have been claimed to be effective in the 
treatment of rickets (12). It is possible that this 
patient with a lesser degree of skeletal mineral 
depletion might not require a higher degree of 
calcium retention than she showed. However, 


this explanation is not likely, because patients with 
slight skeletal decalcification (Case 7), or without 
obvious bone lesions (Case 3), exhibited better 
retention of calcium under adequate vitamin D 
therapy. 

Retention of phosphorus corresponded with that 
of calcium. Serum calcium was slightly but defi- 
nitely raised and inorganic phosphorus was mark- 
edly elevated after Vigantol therapy. 

Case 10, Mrs. Y. W. L. This woman of 43 
years of age with severe osteomalacia of four 
years’ duration was observed continuously from 
the third to the tenth month of her fifth preg- 
nancy, For a year previously she went through 
detailed metabolic studies during which Vigantol 
1 cc. daily (12,000 international units of vitamin 
D per cc.) was given for forty days (ending 
January 28, 1934) with considerable improvement 
in metabolic behavior, as well as clinical sympto- 
matology. Observations during the present preg- 
nancy were begun on September 19, 1935, on a 
diet containing 304 mgm. calcium per day (Figure 
4 and Table IV.) On this diet (Periods 1 to 4) 
more than half of the intake of calcium was 
retained. This was true of the next diet contain- 
ing 461 mgm. calcium per day (Periods 5 to 7), 
indicating satisfactory circumstances. Even when 
the diet calcium was reduced to 88 to 126 mgm. 
per day (Periods 8 to 16), balances, on the whole, 
were even, showing the remarkable power of con- 
servation of calcium in a patient with osteomalacia 
when a prior store of vitamin D had been present. 

From Period 17 on, the calcium intake was 
raised to 1959 mgm. per day. During the first 2 
periods of high calcium intake, associated with 
very low phosphorus intake, the calcium reten- 
tion averaged 907 mgm. per day, or 47 per cent 
of the intake, and the urinary calcium 233 mgm. 
per day, or 22 per cent of the total output. In 
distinct contrast were the results of Periods 20 
and 21, during which both calcium and phosphorus 
intakes were high. Here the calcium retention 
was not as good and the urinary calcium was 
negligible. It was thought that at this point the 
patient might be showing an early vitamin D de- 
pletion. Therefore, Vigantol 2 cc. daily was 
started from Period 22. Subsequently, the cal- 
cium balances showed slight improvement and the 
urinary calcium gradually returned (Periods 22 
to 32). Likewise, the phosphorus balances in- 






268 


S. H. LIU, H. I. CHU, H. C. HSU, H. C. CHAO, AND S. H. CHEU 


creased correspondingly, mainly at the expense of 
urinary phosphorus. 

In view of the presence of anemia, ferric am- 
monium citrate, 6 grams daily, was given during 
Periods 34 to 41. The anemia did not respond 
to the iron therapy; both calcium and phosphorus 
balances were adversely affected by it. The ab- 
sorption of phosphorus seemed to be particularly 
impeded by the presence of large amounts of iron 
in the intestinal tract, probably on account of the 
formation of insoluble ferric phosphate. Since 
the absorption of phosphorus was impaired, the 
calcium balance would decrease mainly on account 
of a shortage of phosphorus for simultaneous 
deposition in the bone ; hence the undeposited cal- 
cium was eliminated in the urine. The discon- 
tinuation of iron administration in Period 42 was 
followed by improved balances both in calcium 
and in phosphorus, and by decreasing amounts of 
calcium and increasing amounts of phosphorus in 
the urine. 

The last 4 periods prior to delivery, however, 
were associated with poorer retention of both cal- 
cium and phosphorus. The explanation was not 
clear, although the discontinuation of hydrochloric 
acid administration, which had been given during 
Periods 39 to 45, might conceivably have removed 
a factor that promoted absorption. An alterna- 
tive would be that with prolonged high calcium 
intake the skeletal store was gradually being re- 
plenished, rendering mineral retention less urgent. 
In support of this supposition, there seemed to be 
a slight general trend toward decreasing retention 
throughout the periods of high calcium intake. 

Both serum calcium and inorganic phosphorus 
were within lower limits of normal at the com- 
mencement of the observations. Serum calcium 
varied but slightly except for a tendency to de- 
crease during periods of low calcium intake, and 
a tendency to increase after vitamin D addition 
and after iron therapy. Serum inorganic phos- 
phorus fluctuated more widely. In. general, it 
varied directly with the phosphorus intake. While 
the latter was maintained on a constantly high 
intake, vitamin D administration was associated 
with a definite rise and iron therapy with a dis- 
tinct lowering of serum phosphorus. 

There are several points of interest in this 
patient with advanced osteomalacia. First, while 


vitamin D was operative a minimal intake of cal- 
cium was associated with an even balance, and a 
high intake with a retention of 40 to 50 per cent. 
Second, as observations proceeded, there was a 
tendency to a decreasing retention. This was 
considered to be related to a gradual replenishment 
of the skeletal store rather than to any interfer- 
ence attributable to later stages of pregnancy. 
Finally, the adverse effects of iron on calcium 
and phosphorus balances deserve attention. While 
both calcium and phosphorus retention may be 
reduced under iron therapy, serum phosphorus 
may fall with a rise in serum calcium. This phe- 
nomenon has been utilized in the treatment of 
hypocalcemia and hyperphosphatemia associated 
with chronic advanced renal insufficiency (13). 

Comment. The three patients in this group, 
though they were alike in showing marked skele- 
tal decalcification, deformity and fractures, again 
varied in their metabolic behavior on admission on 
account of the varying store of vitamin D ac- 
quired prior to the studies. Thus Cases 8 and 9 
were deficient in vitamin D, while Case 10 ex- 
hibited evidence of a considerable store when the 
studies were begun. Cases 8 and 10, under ade- 
quate Vigantol therapy and high calcium and phos- 
phorus intake, consistently showed a retention of 
calcium and phosphorus considerably over and 
above the requirements of pregnancy, proving that 
in osteomalacia it is possible for the patients 
under such a regimen to gain sufficient minerals 
for the skeletal reparation as well. The mineral 
retention in Case 9 was not as much as expected, 
probably due to the inefficient manner of admin- 
istering vitamin D. When large amounts of cal- 
cium and phosphorus are required for the growth 
of the fetus as well as for the replenishment of 
the depleted skeleton of the mother, as in Case 8, 
serum calcium and phosphorus may fail to rise to 
perfectly normal levels in spite of adequate vita- 
min D and high mineral intake. 

The behavior that may be said to characterize 
this group of patients with extensive bone involve- 
ment consists of more marked metabolic evidence 
of vitamin D deficiency when untreated, unusually 
high retention of calcium and phosphorus under 
high mineral and vitamin D intake, and ocasional 
failure of the serum calcium and phosphorus to 
rise to normal in spite of such therapy. 
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DISCUSSION 

Quantitative measurements of calcium and phos- 
phorus metabolism in osteomalacia during preg- 
nancy of the type here presented are not available 
in the literature except for the two cases which 
have been briefly reported by us (14). Such 
data are important in evaluating the role of preg- 
nancy in the pathogenesis of osteomalacia in view 
of the frequent association of the two. A com- 
parison of the metabolic behavior during preg- 
nancy of patients with severe or mild osteomalacia 
with that of subjects showing no skeletal lesions 
reveals no essential differences. With adequate 
vitamin D supply and moderately high intake of 
calcium and phosphorus, subjects of various skele- 
tal condition have no difficulty in retaining suffi- 
cient amounts of the minerals for the needs of 
gestation. In fact, under similar* regimen, osteo- 
malacic patients tend to retain more calcium and 
phosphorus in an attempt to replenish the depleted 
maternal store, as well as to provide for fetal 
growth. In other words, there is no inherent 
inability on the part of osteomalacic patients dur- 
mg pregnancy to utilize calcium and phosphorus 
in the midst of plenty of these minerals and vita- 
min D. Whatever metabolic defect they may 
show during gestation results from limited vita- 
min D and mineral supply just as it does during 
reproductive rest. 

Furthermore, in contrast to lactation, where the 
physiological activity is such that mineral require- 
ment has to be increased much above what is 
secreted in the milk, even in the presence of ade- 
quate vitamin D, there is no such factor in preg- 
nancy. Cases 9 and 10 were subsequently ob- 
served during lactation and reported on as Cases 
la and 4a in paper IX of this series (2). In 
both instances, the mineral balances were much 
less favorable during lactation than during preg- 
nancy under similar conditions of adequate vita- 
m in D and high calcium intake. Moreover, in 
Case 5, where the termination of pregnancy was 
not followed by lactation, mineral retention did 
not improve after delivery, again showing that 
pregnancy itself has no excessively deleterious 
influence on mineral retention. 

However, the minimal requirement for fetal 
growth of 200 mgm. calcium and 100 mgm. phos- 
phorus per day during the last three months of 


gestation has to be met through the maternal 
mineral resources. The usual level of calcuim 
intake in Chinese dietary is approximately 0.337 
gram and that of phosphorus 1.2 grams (15), 
although somewhat higher levels of intake have 
been recorded by others. Such a level of calcium 
intake, in the presence of vitamin D, may main- 
tain an individual in balance under ordinary cir- 
cumstances, but in pregnancy it cannot be ex- 
pected to yield adequate mineral balance for the 
fetal requirement. The extent of drain on the 
skeletal store of the mother will depend upon her 
state of vitamin D nutrition. If there is adequate 
vitamin D supply — sometimes from the diet, but 
usually from sunlight (16) — a variable propor- 
tion of the total fetal requirement (21 to 23 grams 
of calcium) may have to be drawn from the ma- 
ternal store. This alone may not constitute a 
serious loss to the mother. On the other hand, 
in the absence of vitamin D, the mineral loss will 
be much greater than that imparted to the fetus. 
Under such circumstances, pregnancy plays an 
important role in the causation of osteomalacia. 
Moreover, pregnancy is usually followed by pro- 
longed lactation, which constitutes a much greater 
drain upon the maternal skeletal store. Such a 
reproductive cycle frequently repeated under an 
inadequate supply of calcium and vitamin D will 
inevitably lead to the development of osteomalacia. 

As to the actual level of calcium that may be 
considered adequate to meet the needs of gesta- 
tion, our data do not give a clear-cut answer. In 
the first subject who was presumably normal from 
the standpoint of vitamin D nutrition, an intake of 
1 gram of calcium was necessary to bring about 
sufficient retention for the fetal needs. In indi- 
viduals (Cases 2, 3 and 6) in whom the vitamin 
D supply was limited, or beginning to be depleted, 
an intake of 1.0 to 1.3 grams of calcium seemed 
also adequate for the gestatory requirement. 
There was evidence that, in the presence of greater 
supply of vitamin D, they could acquire the same 
degree of retention on an intake level considerably 
lower than 1.3 grams (Case 3). However, in 
severe grades of vitamin D depletion, an intake 
of 1.3 grams, or higher, of calcium would not 
maintain the individual in balance (Case 4). 
These data all go to show that vitamin D is a 
more important factor than the actual level of 
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creased correspondingly, mainly at the expense of 
urinary phosphorus. 

In view of the presence of anemia, ferric am- 
monium citrate, 6 grams daily, was given during 
Periods 34 to 41. The anemia did not respond 
to the iron therapy ; both calcium and phosphorus 
balances were adversely affected by it. The ab- 
sorption of phosphorus seemed to be particularly 
impeded by the presence of large amounts of iron 
in the intestinal tract, probably on account of the 
formation of insoluble ferric phosphate. Since 
the absorption of phosphorus was impaired, the 
calcium balance would decrease mainly on account 
of a shortage of phosphorus for simultaneous 
deposition in the bone ; hence the undeposited cal- 
cium was eliminated in the urine. The discon- 
tinuation of iron administration in Period 42 was 
followed by improved balances both in calcium 
and in phosphorus, and by decreasing amounts of 
calcium and increasing amounts of phosphorus in 
the urine. 

The last 4 periods prior to delivery, however, 
were associated with poorer retention of both cal- 
cium and phosphorus. The explanation was not 
clear, although the discontinuation of hydrochloric 
acid administration, which had been given during 
Periods 39 to 45, might conceivably have removed 
a factor that promoted absorption. An alterna- 
tive would be that with prolonged high calcium 
intake the skeletal store was gradually being re- 
plenished, rendering mineral retention less urgent. 
In support of this supposition, there seemed to be 
a slight general trend toward decreasing retention 
throughout the periods of high calcium intake. 

Both serum calcium and inorganic phosphorus 
were within lower limits of normal at the com- 
mencement of the observations. Serum calcium 
varied but slightly except for a tendency to de- 
crease during periods of low calcium intake, and 
a tendency to increase after vitamin D addition 
and after iron therapy. Serum inorganic phos- 
phorus fluctuated more widely. In general, it 
varied directly with the phosphorus intake. While 
the latter was maintained on a constantly high 
intake, vitamin D administration was associated 
with a definite rise and iron therapy with a dis- 
tinct lowering of serum phosphorus. 

There are several points of interest in this 
patient with advanced osteomalacia. First, while 


vitamin D was operative a minimal intake of cal- 
cium was associated with an even balance, and a 
high intake with a retention of 40 to 50 per cent. 
Second, as observations proceeded, there was a 
tendency to a decreasing retention. This was 
considered to be related to a gradual replenishment 
of the skeletal store rather than to any interfer- 
ence attributable to later stages of pregnancy. 
Finally, the adverse effects of iron on calcium 
and phosphorus balances deserve attention. While 
both calcium and phosphorus retention may be 
reduced under iron therapy, serum phosphorus 
may fall with a rise in serum calcium. This phe- 
nomenon has been utilized in the treatment of 
hypocalcemia and hyperphosphatemia associated 
with chronic advanced renal insufficiency (13). 

Comment. The three patients in this group, 
though they were alike in showing marked skele- 
tal decalcification, deformity and fractures, again 
varied in their metabolic behavior on admission on 
account of the varying store of vitamin D ac- 
quired prior to the studies. Thus Cases 8 and 9 
were deficient in vitamin D, while Case 10 ex- 
hibited evidence of a considerable store when the 
studies were begun. Cases 8 and 10, under ade- 
quate Vigantol therapy and high calcium and phos- 
phorus intake, consistently showed a retention of 
calcium and phosphorus considerably over and 
above the requirements of pregnancy, proving that 
in osteomalacia it is possible for the patients 
under such a regimen to gain sufficient minerals 
for the skeletal reparation as well. The mineral 
retention in Case 9 was not as much as expected, 
probably due to the inefficient manner of admin- 
istering vitamin D. When large amounts of cal- 
cium and phosphorus are required for the growth 
of the fetus as well as for the replenishment of 
the depleted skeleton of the mother, as in Case 8, 
serum calcium and phosphorus may fail to rise to 
perfectly normal levels in spite of adequate vita- 
min D and high mineral intake. 

The behavior that may be said to characterize 
this group of patients with extensive bone involve- 
ment consists of more marked metabolic evidence 
of vitamin D deficiency when untreated, unusually 
high retention of calcium and phosphorus under 
high mineral and vitamin D intake, and ocasional 
failure of the serum calcium and phosphorus to 
rise to normal in spite of such therapy. 
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DISCUSSION 

Quantitative measurements of calcium and phos- 
phorus metabolism in osteomalacia during preg- 
nancy of the type here presented are not available 
in the literature except for the two cases which 
have been briefly reported by us (14). Such 
data are important in evaluating the role of preg- 
nancy in the pathogenesis of osteomalacia in view 
of the frequent association of the two. A com- 
parison of the metabolic behavior during preg- 
nancy of patients with severe or mild osteomalacia 
with that of subjects showing no skeletal lesions 
reveals no essential differences. With adequate 
vitamin D supply and moderately high intake of 
calcium and phosphorus, subjects of various skele- 
tal condition have no difficulty in retaining suffi- 
cient amounts of the minerals for the needs of 
gestation. In fact, under similar regimen, osteo- 
malacic patients tend to retain more calcium and 
phosphorus in an attempt to replenish the depleted 
maternal store, as well as to provide for fetal 
growth. In other words, there is no inherent 
inability on the part of osteomalacic patients dur- 
ing pregnancy to utilize calcium and phosphorus 
in the midst of plenty of these minerals and vita- 
min D. Whatever metabolic defect they may 
show during gestation results from limited vita- 
min D and mineral supply just as it does during 
reproductive rest. 

Furthermore, in contrast to lactation, where the 
physiological activity is such that mineral require- 
ment has to be increased much above what is 
secreted in the milk, even in the presence of ade- 
quate vitamin D, there is no such factor in preg- 
nancy. Cases 9 and 10 were subsequently ob- 
served during lactation and reported on as Cases 
la and 4a in paper IX of this series (2). In 
both instances, the mineral balances were much 
less favorable during lactation than during preg- 
nancy under similar conditions of adequate vita- 
min D and high calcium intake. Moreover, in 
Case 5, where the termination of pregnancy was 
n °t followed by lactation, mineral retention did 
not improve after delivery, again showing that 
pregnancy itself has no excessively deleterious 
influence on mineral retention. 

However, the minimal requirement for fetal 
growth of 200 mgm. calcium and 100 mgm. phos- 
P orus per day during the last three months of 


gestation has to be met through the maternal 
mineral resources. The usual level of calcuim 
intake in Chinese dietary is approximately 0.337 
gram and that of phosphorus 1.2 grams (15), 
although somewhat higher levels of intake have 
been recorded by others. Such a level of calcium 
intake, in the presence of vitamin D, may main- 
tain an individual in balance under ordinary cir- 
cumstances, but in pregnancy it cannot be ex- 
pected to yield adequate mineral balance for the 
fetal requirement. The extent of drain on the 
skeletal store of the mother will depend upon her 
state of vitamin D nutrition. If there is adequate 
vitamin D supply — sometimes from the diet, but 
usually from sunlight (16) — a variable propor- 
tion of the total fetal requirement (21 to 23 grams 
of calcium) may have to be drawn from the ma- 
ternal store. This alone may not constitute a 
serious loss to the mother. On the other hand, 
in the absence of vitamin D, the mineral loss will 
be much greater than that imparted to the fetus. 
Under such circumstances, pregnancy plays an 
important role in the causation of osteomalacia. 
Moreover, pregnancy is usually followed by pro- 
longed lactation, which constitutes a much greater 
drain upon the maternal skeletal store. Such a 
reproductive cycle frequently repeated under an 
inadequate supply of calcium and vitamin D will 
inevitably lead to the development of osteomalacia. 

As to the actual level of calcium that may be 
considered adequate to meet the needs of gesta- 
tion, our data do not give a clear-cut answer. In 
the first subject who was presumably normal from 
the standpoint of vitamin D nutrition, an intake of 
1 gram of calcium was necessary to bring about 
sufficient retention for the fetal needs. In indi- 
viduals (Cases 2, 3 and 6) in whom the vitamin 
D supply was limited, or beginning to be depleted, 
an intake of 1.0 to 1.3 grams of calcium seemed 
also adequate for the gestatory requirement. 
There was evidence that, in the presence of greater 
supply of vitamin D, they could acquire the same 
degree of retention on an intake level considerably 
lower than 1.3 grams (Case 3). However, in 
severe grades of vitamin D depletion, an intake 
of 1.3 grams, or higher, of calcium would not 
maintain the individual in balance (Case 4). 
These data all go to show that vitamin D is a 
more important factor than the actual level of 
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calcium intake in determining the extent of renten- 
tion, provided a reasonable amount of calcium is 
present in the diet. As to phosphorus, its utili- 
zation depends a great deal on that of calcium. 
As Chinese dietaries contain good amounts of 
phosphorus, adequate calcium retention usually 
means adequate phosphorus retention. Likewise, 
there is apparently no difficulty in nitrogen metab- 
olism with usual Chinese dietaries. 

A comparison of the data of these subjects 
showing varying skeletal condition and vitamin D 
store with those of presumably normal women in 
pregnancy available in the literature shows greater 
degree of mineral conservation in our patients. 
Toverud and Toverud (17) made short periods 
of observation on thirty Norwegian women living 
in a home for expectant mothers during the last 
two to three months of pregnancy. Negative cal- 
cium and phosphorus balances were the rule on 
the usual home diets, but positive balances were 
sometimes observed after the intake of calcium 
and phosphorus had been increased to 1.6 to 2.0 
grams. Coons et al. (5) reported the results on 2 
groups of women, one in Chicago, the other in 
Oklahoma. With an average intake of 1.4 grams 
calcium and 1.6 grams phosphorus, adequate re- 
tention for gestatory needs occurred in the South- 
ern women, but not in the Chicago women, the 
difference being attributed to the influence of sun- 
shine. Macy and Hunscher (4), from a com- 
pilation of data in the literature on mineral utili- 
zation during pregnancy, concluded that during 
the last three months an intake of 1.4 to 1.5 grams 
of calcium and 2 grams of phosphorus was neces- 
sary to secure adequate retention for the demands 
of pregnancy. On the other hand, in our subjects 
1.0 to 1.3 grams of calcium seemed adequate for 
the requirements of pregnancy, even when the 
supply of vitamin D was limited. With optimum 
vitamin D nutrition calcium requirement may be 
lowered. 

This relative conservatism shown by our pa- 
tients cannot be entirely due to the depleted skele- 
tal store which would cause calcium to be re- 
tained with great avidity because the patients in 
the first group without obvious osseous decalci- 
fication exhibited the same phenomenon. Another 
important factor seems to lie in the previous level 
of intake. When the dietary habits accustom the 
subject to a lower intake, the added requirement 


for reproductive activity will be correspondingly 
lower. Furthermore, vitamin D plays such an im- 
portant role in conserving calcium that its judicious 
use will make it possible to decrease the usually 
quoted requirement for a given state of physio- 
logical activity. The combination of previous low 
level of intake and existing vitamin D action 
probably explains the unusual ability on the part 
of five of the ten subjects in this series to retain 
calcium on intakes varying from 88 to 2 77 mgm. 
per day (Cases 3, 4, 6, 7 and 10). It is plain, 
then, that the so-called calcium requirement, con- 
trary to current conception, must be regarded as 
a variable quantity conditioned by such factors as 
the prior skeletal store, the previous dietary cus- 
tom, and the state of vitamin D nutrition. 

SUMMARY 

f 

Data on calcium, phosphorus and nitrogen me- 
tabolism during the latter part of pregnancy were 
obtained on ten subjects showing various states of 
skeletal store and vitamin D nutrition. Given an 
adequate supply of vitamin D and calcium, pa- 
tients with osteomalacia showed no inherent in- 
ability to retain minerals during pregnancy, com- 
pared with those with no skeletal depletion. The 
added requirement during gestation, unlike that 
in lactation, did not seem to go beyond fetal needs. 
However, such needs had to be filled at the ex- 
pense of the maternal tissue, if the supply of vita- 
min D and minerals was inadequate. Under such 
circumstances, pregnancy plays an important 
pathogenetic role in osteomalacia inasmuch as it 
hastens the skeletal demineralization. While high 
calcium intake tends to ameliorate the effects of 
vitamin D deficiency, the latter conserves calcium. 
Of the two, vitamin D is probably more impor- 
tant, provided a reasonable level of calcium intake 
is available. The calcium requirement during 
pregnancy is conditioned by the prior skeletal 
store, the previous dietary intake, and the state 
of vitamin D nutrition. 
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The relationship of beta hemolytic streptococci 
to the etiology of rheumatic fever has long been a 
controversial subject. Although many students 
(1) of this disease are of the opinion that both 
the initial attack and subsequent recurrences of 
rheumatic fever are usually preceded by strepto- 
coccal upper respiratory infections, others (2) 
believe that this association is merely accidental. 
At the present time, there is no adequate explana- 
tion of the exact role played by streptococci in the 
etiology of rheumatic fever. On the other hand, 
the association between streptococcal upper re- 
spiratory infections and rheumatic fever seems too 
constant to be completely disregarded. 

It is obvious that many factors which cannot be 
adequately studied in a general hospital or in 
ambulatory rheumatic patients enter into this prob- 
lem, Studies of this kind can be carried out more 
satisfactorily in sanatoria where the patients are 
relatively isolated and are under careful medical 
supervision for long periods of time. Since the 
severity of both streptococcal upper respiratory 
infections and rheumatic fever is known to vary 
from year to year, it was thought that a compari- 
son of the results obtained during three successive 
winters would yield more reliable information than 
observations limited to a single year. 

PLAN OF STUDY 

The same methods and procedures were used during 
three successive years, 1937 to 1940. 

Type of institution 

Irvington House, a sanatorium for rheumatic children, 
is situated in the country, 20 miles from New York City. 
The children were admitted from the cardiac clinics of 
various hospitals in Greater New York. Children who 
had had one or more attacks of polyarthritis or carditis 
without marked cardiac damage were selected. With a 
few exceptions, children with histories of "pure” chorea 
without polyarthritis or carditis were excluded. New 


cases were admitted only during the summer and fall 
months. Each year 108 suitable patients, consisting of 
new children and children remaining longer than one 
winter, were assembled by the first of December. This 
group then remained in the institution until the end of 
May or longer. 

The children lived and went to school in the same 
building. They had no contact with other children and 
each child was permitted only two adult visitors every 
six weeks. The group consisted of 66 girls and 42 boys 
varying in age from 6 to 15 years. 

Routine procedures 

Rectal temperatures and pulse rates were taken three 
times daily. Leukocyte counts, hemoglobin estimations, 
and erythrocyte sedimentation rates were done routinely 
every three or four weeks, or more often when necessary. 
Children who had symptoms of upper respiratory infec- 
tions were put to bed and isolated in cubicles, or when 
possible, in separate rooms. Leukocyte counts were taken 
on the first or second day of illness. 

Bacteriological procedures 

Throat cultures to determine the presence of Group A 
beta hemolytic streptococci were taken routinely once a 
week on every child throughout the year. Additional 
cultures were taken on two successive days on children 
who developed symptoms of any kind. Swabs were 
streaked on freshly prepared 5 per cent sheep blood agar 
plates (3). After eighteen-hour growth, hemolytic col- 
onies were re-streaked and fished to broth. Attempts 
were made to type all Group A beta hemolytic strepto- 
cocci isolated. Both the slide agglutination method of 
Griffith (4) and the precipitin reaction of Lancefield (5) 
with “ M ” extracts were used. In most instances, cul- 
tures were considered to be successfully typed only when 
the findings obtained by slide agglutination could be 
confirmed by the precipitin reaction. Many strains were 
isolated which could not be typed by either method. In 
several instances, agglutinating and precipitating sera 
were prepared by immunizing rabbits with these cultures. 

Antistreptolysin O titers (6) were determined every 
three to six weeks, and more often following upper re- 
spiratory infections or during rheumatic activity. Anti- 
streptolysin S titers (6) were not determined. 

Definitions 

It has been noted by several observers that the clinical 
symptoms of the streptococcal upper respiratory infec- 


1 This w° rk was aided by a grant from The Common- 
wealth Fund. 
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tions preceding the development of rheumatic recurrences 
may be extremely mild and therefore can be easily 
overlooked. 

The cases of streptococcal upper respiratory infections 
reported in this study were in most instances clear-cut. 
The children complained of sore throat and the pharynx 
usually appeared inflamed. Occasionally exudate was 
present. Most of the patients had fever and elevated 
white blood counts. Throat cultures taken on the first 
or second day of illness showed varying numbers of 
Group A beta hemolytic streptococci of a type which 
had not been present previously. 

In certain instances, however, especially during the 
winter of 1937 to 1938, it was difficult to decide whether 
a child really had an upper respiratory infection or had 
merely become a streptococcus carrier. A few children 
who had neither complaints nor symptoms, but whose 
white blood counts showed a definite rise coincident with 
the appearance of streptococci in their throat culture, or 
whose antistreptolysin O titer rose three to six weeks 
later, were considered to be cases of upper respiratory 
infection. 

Children in whom the appearance of streptococci in 
their routine throat cultures was not accompanied by 
symptoms, or by a rise in their white blood counts or 
in their antistreptolysin O titer, were considered to have 
become carriers, either temporary or chronic. 

It is well known that the course of rheumatic fever 
varies greatly. In some children, evidence of low-grade 
activity persists for months and years. This type of case 
is generally described as continuous or polycyclic. Slight 
exacerbations of the symptoms may occur from time to 
time in these children without apparent precipitating 
cause. Other children are subject to severe, acute at- 
tacks but between attacks clinical or laboratory signs of 
rheumatic activity are not demonstrable. It is in this 
monocyclic type of case that factors tending to pre- 
cipitate rheumatic recurrences can be studied most satis- 
factorily. 

1. Streptococcal upper respiratory infections 
occurring during the winter of 
1937 to 1938 

During this winter, 12 of the 108 children de- 
veloped upper respiratory infections associated 
with Group A beta hemolytic streptococci of a 
single type. The organisms isolated from these 
cases did not belong to any of the known sero- 
logical types of streptococci. Agglutinating and 
precipitating sera were therefore prepared by im- 
munizing rabbits with a culture, C51, isolated 
from one of these patients (Case 2, Table I). 
By means of slide agglutination and precipitin 
tests, the organisms isolated from the other 11 


patients were shown to belong to the same sero- 
logical type as C51. 2 

The symptoms produced by this infection were 
mild. The 12 cases appeared sporadically over a 
period of six months, the first occurring in De- 
cember 1937 and the last in May 1938. Prior to 
this infection, 2 of the 12 children had continu- 
ously elevated erythrocyte sedimentation rates, and 
the rheumatic infection in these 2 individuals 
therefore was not considered to be quiescent. 
Neither of these 2 children had exacerbations of 
their symptoms following the upper respiratory 
infection. The remaining 10 children had not had 
signs of rheumatic activity for six months or 
longer. Of these 10 children, 6 developed rheu- 
matic recurrences after latent periods varying 
from nine to eighteen days. Five of the 6 chil- 
dren who developed rheumatic recurrences showed 
a prompt rise in antistreptolysin O titer. Three 
children who did not develop recurrences also 
showed a definite rise in titer (Cases 5, 6 and 9). 
The data in regard to these 12 cases are presented 
in Table I. 

Ten children became carriers of streptococcus 
C51. None of them had rheumatic recurrences. 
Except for 3 children who showed continuous 
low-grade activity, none of the other 83 children 
in the institution who did not contract infections 
with streptococcus C51 developed symptoms of 
rheumatic activity. 

2. Streptococcal upper respiratory infections 
occurring during the winter of 
1938 to 1939 

None of the children developed streptococcal 
upper respiratory infections during December and 
January. Beginning in February 1939 and con- 
tinuing through June, 32 children developed up- 
per respiratory infections associated with Group 
A beta hemolytic streptococci of a single type, 
Type 4. The majority of these infections were 
definitely more severe than those associated with 
streptococcus C51 which had occurred during the 
previous winter. Many of the children had fever 
of 101 to 103° F. for two or three days. The 

2 Nine of these cultures and some agglutinating serum 
were sent to Dr. Fred Griffith in England. He agreed 
that these strains did not belong to any of the known 
Group A streptococcal types and that they were sero- 
logically identical. 
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TABLE I 


Data on streptococcal upper respiratory infections with streptococcus C51 and rheumatic sequelae during the winter 1937 to 1938 
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* Erythrocyte sedimentation rate, Wintrobe-Landsberg method, values over 10 mm. are abnormal. 

T The following abbreviations are used: Ch Chorea 

P Polyarthritis 
C Carditis 
Jt P Joint pains 
HD Heart disease diagnosed. 

+ This patient had continuous low grade activity (elevated sedimentation rate), no exacerbation was observed- 
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tions preceding the development of rheumatic recurrences 
may be extremely mild and therefore can be easily 
overlooked. 

The cases of streptococcal upper respiratory infections 
reported in this study were in most instances clear-cut. 
The children complained of sore throat and the pharynx 
usually appeared inflamed. Occasionally exudate was 
present. Most of the patients had fever and elevated 
white blood counts. Throat cultures taken on the first 
or second day of illness showed varying numbers of 
Group A beta hemolytic streptococci of a type which 
had not been present previously. 

In certain instances, however, especially during the 
winter of 1937 to 1938, it was difficult to decide whether 
a child really had an upper respiratory infection or had 
merely become a streptococcus carrier. A few children 
who had neither complaints nor symptoms, but whose 
white blood counts showed a definite rise coincident with 
the appearance of streptococci in their throat culture, or 
whose antistreptolysin 0 titer rose three to six weeks 
later, were considered to be cases of upper respiratory 
infection. 

Children in whom the appearance of streptococci in 
their routine throat cultures was not accompanied by 
symptoms, or by a rise in their white blood counts or 
in their antistreptolysin O titer, were considered to have 
become carriers, either temporary or chronic. 

It is well known that the course of rheumatic fever 
varies greatly. In some children, evidence of low-grade 
activity persists for months and years. This type of case 
is generally described as continuous or polycyclic. Slight 
exacerbations of the symptoms may occur from time to 
time in these children without apparent precipitating 
cause. Other children are subject to severe, acute at- 
tacks but between attacks clinical or laboratory signs of 
rheumatic activity are not demonstrable. It is in this 
monocyclic type of case that factors tending to pre- 
cipitate rheumatic recurrences can be studied most satis- 
factorily. 

1. Streptococcal upper respiratory infections 
occurring during the winter of 
1937 to 1938 

During this winter, 12 of the 108 children de- 
veloped upper respiratory infections associated 
with Group A beta hemolytic streptococci of a 
single type. The organisms isolated from these 
cases did not belong to any of the known sero- 
logical types of streptococci. Agglutinating and 
precipitating sera were therefore prepared by im- 
munizing rabbits with a culture, C51, isolated 
from one of these patients (Case 2, Table I). 
By means of slide agglutination and precipitin 
tests, the organisms isolated from the other 11 


patients were shown to belong to the same sero- 
logical type as C51. 2 

The symptoms produced by this infection were 
mild. The 12 cases appeared sporadically over a 
period of six months, the first occurring in De- 
cember 1937 and the last in May 1938. Prior to 
this infection, 2 of the 12 children had continu- 
ously elevated erythrocyte sedimentation rates, and 
the rheumatic infection in these 2 individuals 
therefore was not considered to be quiescent. 
Neither of these 2 children had exacerbations of 
their symptoms following the upper respiratory 
infection. The remaining 10 children had not had 
signs of rheumatic activity for six months or 
longer. Of these 10 children, 6 developed rheu- 
matic recurrences after latent periods varying 
from nine to eighteen days. Five of the 6 chil- 
dren who developed rheumatic recurrences showed 
a prompt rise in antistreptolysin O titer. Three 
children who did not develop recurrences also 
showed a definite rise in titer (Cases 5, 6 and 9). 
The data in regard to these 12 cases are presented 
in Table I. 

Ten children became carriers of streptococcus 
C51. None of them had rheumatic recurrences. 
Except for 3 children who showed continuous 
low-grade activity, none of the other 83 children 
in the institution who did not contract infections 
with streptococcus C51 developed symptoms of 
rheumatic activity. 

2. Streptococcal upper respiratory infections 
occurring during the winter of 
1938 to 1939 

None of the children developed streptococcal 
upper respiratory infections during December and 
January. Beginning in February 1939 and con- 
tinuing through June, 32 children developed up- 
per respiratory infections associated with Group 
A beta hemolytic streptococci of a single type, 
Type 4. The majority of these infections were 
definitely more severe than those associated with 
streptococcus C51 which had occurred during the 
previous winter. Many of the children had fever 
of 101 to 103° F. for two or three days. The 

2 Nine of these cultures and some agglutinating serum 
were sent to Dr. Fred Griffith in England. He agreed 
that these strains did not belong to any of the known 
Group A streptococcal types and that they were sero- 
logically identical. 
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pharynx in most of the cases looked definitely 
inflamed and the white blood count was elevated 
with counts ranging from 13,000 to 24,000 in a 
large proportion of the cases. There were 4 cases 
in February. The outbreak reached its peak in 
March with 17 cases and declined gradually with 
6 cases in April and 5 in May. Eleven of the 32 
children showed a definite rise in antistreptolysin 
O titer. Fourteen children became carriers of 
streptococcus Type 4. 

Aside from the streptococcus Type 4 infections 
during March, 6 children developed upper respira- 
tory infections with streptococci other than Type 
4. The cultural characteristics of the organisms 
isolated from these 6 cases were so similar that 
it was thought possible that they might belong to 
one serological type. However, it was impossible 
to identify these strains with any of the known 
types of streptococci. Attempts to produce agglu- 
tinating and precipitating sera by immunizing rab- 
bits with one of the cultures isolated from this 
group of patients were unsuccessful. Although 
the serological identity of these 6 strains was not 
proved, they were tentatively considered to repre- 
sent the same type, designated as 97T. 

The symptoms produced in these 6 children 
were similar to those associated with the strepto- 
coccus Type 4 infections ; and these two infections 
could not be distinguished clinically. Three of 
these 6 children showed a rise in antistreptolysin 
O titer. One child contracted both the Type 
4 and the 97T infections. 

None of the 38 children who had these strepto- 
coccal upper respiratory infections (32 cases due 
to Type 4, 6 cases probably due to the group of 
organisms represented by 97T) developed rheu- 
matic sequelae. Nor did the remaining 70 chil- 
dren who escaped streptococcal upper respiratory 
infections develop clinical or laboratory signs of 
rheumatic activity. 

3. Streptococcal upper respiratory infections 
occurring during the winter of 
1939 to 1940 

Beginning in November 1939 and continuing 
until May 1940, 39 of the 108 children developed 
upper respiratory infections associated with Group 
A beta hemolytic streptococci of a single type, 
Type 27. Most of these infections were slightly 


less severe than those associated with streptococcus 
Type 4 and streptococcus 97T observed during the 
spring of 1939, but definitely more severe than 
those associated with streptococcus C51 occurring 
during the winter of 1937 to 1938. Following a 
latent period of twelve to twenty-two days, 8 of 
39 children who had upper respiratory infections 
associated with streptococcus Type 27 developed 
rheumatic recurrences. The seasonal incidence of 
these infections and distribution of recurrences are 
presented in Table II. 

TABLE II 

The seasonal distribution of streptococcus Type 27 
upper respiratory infections and incidence of 
rheumatic recurrences 


Seasonal Number Rheumatic 

distribution of cases recurrences 


November 5 1 

December 8 2 

January 16 2 

February 3 0 

March 6 2 

April 1 1 


Total 39 8 


The data regarding the 8 children who devel- 
oped rheumatic recurrences are presented in Table 
III. 

The severity of the pharyngitis varied greatly. 
Two children had no fever and one had slight 
malaise with a maximum temperature of 100.4° F. 
on one day. The other 5 had definite febrile reac- 
tions accompanied by elevated leukocyte counts. 
With one exception, the number of streptococci 
present in the throat was large. After a latent 
period varying from eleven to twenty-two days 
following the streptococcal pharyngitis, these 8 
patients developed clear-cut rheumatic manifesta- 
tions. Four of the 8 children showed a rise in 
antistreptolysin O titer within a month or less fol- 
lowing the upper respiratory infection. In 3, a 
slight or questionable rise occurred after five 
weeks and in one there was no rise. 

Of the 31 children in whom the streptococcal 
pharyngitis was not followed by rheumatic 
sequelae, 6 showed a definite rise in antistrepto- 
tysin O titer. Three of these 6 children devel- 
oped cervical adenitis accompanied by a secondary 
rise in temperature. The remaining 25 children, 
who escaped rheumatic recurrences, showed no 
significant rise in antistreptolysin O titer. 
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iharynx in most of the cases looked definitely 
nflamed and the white blood count was elevated 
rith counts ranging from 13,000 to 24,000 in a 
irge proportion of the cases. There were 4 cases 
a February. The outbreak reached its peak in 
darch with 17 cases and declined gradually with 
i cases in April and 5 in May. Eleven of the 32 
hildren showed a definite rise in antistreptolysin 
D titer. Fourteen children became carriers of 
treptococcus Type 4. 

Aside from the streptococcus Type 4 infections 
luring March, 6 children developed upper respira- 
ory infections with streptococci other than Type 
k The cultural characteristics of the organisms 
solated from these 6 cases were so similar that 
t was thought possible that they might belong to 
)ne serological type. However, it was impossible 
:o identify these strains with any of the known 
ypes of streptococci. Attempts to produce agglu- 
:inating and precipitating sera by immunizing rab- 
jits with one of the cultures isolated from this 
*roup of patients were unsuccessful. Although 
the serological identity of these 6 strains was not 
proved, they were tentatively considered to repre- 
sent the same type, designated as 97T. 

The symptoms produced in these 6 children 
were similar to those associated with the strepto- 
coccus Type 4 infections; and these two infections 
could not be distinguished clinically. Three of 
these 6 children showed a rise in antistreptolysin 
O titer. One child contracted both the Type 
4 and the 97T infections. 

None of the 38 children who had these strepto- 
coccal upper respiratory infections (32 cases due 
to Type 4, 6 cases probably due to the group of 
organisms represented by 97T) developed rheu- 
matic sequelae. Nor did the remaining 70 chil- 
dren who escaped streptococcal upper respiratory 
infections develop clinical or laboratory signs of 
rheumatic activity. 

3. Streptococcal upper respiratory infectioiis 
occurring during the winter of 
1939 to 1940 

Beginning in November 1939 and continuing 
until May 1940, 39 of the 108 children developed 
upper respiratory infections associated with Group 
A beta hemolytic streptococci of a single type, 
T yp e 27. Most of these infections were slightly 


less severe than those associated with streptococcus 
Type 4 and streptococcus 97T observed during the 
spring of 1939, but definitely more severe than 
those associated with streptococcus C51 occurring 
during the winter of 1937 to 1938. Following a 
latent period of twelve to twenty-two days, 8 of 
39 children who had upper respiratory infections 
associated with streptococcus Type 27 developed 
rheumatic recurrences. The seasonal incidence of 
these infections and distribution of recurrences are 
presented in Table II. 

TABLE II 

The seasonal distribution of streptococcus Type 27 
upper respiratory infections and incidence of 
rheumatic recurrences 


Seasonal Number Rheumatic 

distribution of cases recurrences 


November 5 1 

December 8 2 

January 16 2 

February 3 0 

March 6 2 

April 1 1 


Total 39 8 


The data regarding the 8 children who devel- 
oped rheumatic recurrences are presented in Table 
III. 

The severity of the pharyngitis varied greatly. 
Two children had no fever and one had slight 
malaise with a maximum temperature of 100.4° F. 
on one day. The other 5 had definite febrile reac- 
tions accompanied by elevated leukocyte counts. 
With one exception, the number of streptococci 
present in the throat was large. After a latent 
period varying from eleven to twenty-two days 
following the streptococcal pharyngitis, these 8 
patients developed clear-cut rheumatic manifesta- 
tions. Four of the 8 children showed a rise in 
antistreptolysin O titer within a month or less fol- 
lowing the upper respiratory infection. In 3, a 
slight or questionable rise occurred after five 
weeks and in one there was no rise. 

Of the 31 children in whom the streptococcal 
phaiyngitis was not followed by rheumatic 
sequelae, 6 showed a definite rise in antistrepto- 
lysin O titer. Three of these 6 children devel- 
oped cervical adenitis accompanied by a secondary 
rise in temperature. The remaining 25 children, 
™ho escaped rheumatic recurrences, showed no 
significant rise in antistreptolysin O titer. 
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TABLE III 


Data ° n slre P lococcal VP* streptococcus Type 27 followed bv rheumatic sequelae 

™ o children during the winter 1939 to 1940 ' segueiae 


Case 

num- 

ber 


Patient 


Name 


I.M. 

3513 


Age 


years] 

10 


Sex 


H.W. 

3457 


Date 


November 17, 1939 


December 6, 1939 


Clinical findings 


Pharyngitis. Fever 103.6 to 
101° for three days. 

Polyarthritis, carditis (PR 
interval prolonged). 


Strepto-| 
coccus 
Type 
27 , 
num- 
ber of 
colonies 


La- 

tent 

pe- 

riod 


days! 


75% 


19 


December 17, 1939 


December 28, 1939 


Blood 


Date 


White Sed ‘ 
blood m 5 nt ‘ 
cells atl on 
rate 


October 17 
November 


Malaise. Fever 100.4° for 
one day. 

Carditis. 


30 


11 


November 17 
November 20 
November 28 
December 

December 
December 15 
December 22 
January 
January 
January 
February 
February 
February 


11 

14 

1 

10 

17 


November 25 
December 5 


December 21 
December 28 
January 2 
January 4 
January 12 
January 15 
January 19 
January 26 
January 29 
February 2 
February 19 
February 23 
March 1 


8,300 


mm. 

1 

7 


15,200 
9,200 | 30 
31 
29 

I 

13,700 
14,800 | 28 
23 
. 14 

6,500 

15 
12 

8,300 


5,400 


17,000 
15,700 
11,200 [ 

10,500 


8,900 

7,000 


19 

15 

32 

33 

35 

28 

27 

23 

16 


Anti- 
strepto- 
lysin 0 
titer 


units 

165 

165 


100 

250 

250 


250 

250 

250 

200 

200 


100 


100 


165 

200 

250 

200 

200 

200 


O.G. 

3345 


13 


December 22, 1939 


January 8, 1940 


Pharyngitis, slight adenitis. 
Fever 103 to 100.2° for 
three days. 


Polyarthritis, carditis (PR 
interval prolonged). 


80% 


17 


December 6 
December 13 

December 23 
December 26 
December 28 
January 6 


January 

January 

January 

January 

January 

February 

February 

February 


9 

15 

22 

29 

31 

12 

19 

26 


7,800 | 

17,900 

10,600 

12,500 


11,500 

9,900 

10,700 

9,200 


4,500 


28 


33 

33 

34 
33 

27 

21 

18 


40 


40 


80 

165 

250 

250 

150 

150 

100 


* This boy’s sedimentation rate had been continuously elevated from the date of admission, October 11, 1938, a period 
of over a year. His rheumatic process, therefore, was never considered entirely quiescent.. However, the attack of 
polyarthritis was typical and followed the streptococcal pharyngitis after the usual latent period. 
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table nr 0 continued ) 



Patient 



Strepto- 

coccus 

La- 

ten 

pe- 

noc 

Blood 

Cafe 






Type 






num- 

ber 

Name 

Age 

Sex 

Date 

Clinical findings 

27. 
num- 
ber of 
colonief 

Date 


White 

blood 

cells 

Sedi- 

ment- 

ation 

rate 

Anti- 
strepto- 
lysin 0 
titer 



years 





day. 




mm. 

units 

4 

J.C. 

13 

F 





December 26 


2 

100 


3323 




Pharyngitis. No fever. 



January 

January 

6 

8 

9,200 

3 






Januar> r 12, 1940 

8 

12 

January 

17 


1 

100 





January 24, 1940 

Fever, erythema multiforme, 











knee painful. 



January 

26 

10,100 

24 

100 









January 

29 

10,300 











January 

February 

31 

2 

11,400 

27 

100 









February 

February 

9 

13 

8,500 

1 

100 

5 

R.T.* 

11 

M 





I December 11 


27 

100 


3449 



January 22, 1940 

Pharyngitis. Fever 103.6 to 

75% 


January 

January 

4 

13 

6,400 

19 






101.4° for three days. 


January 

23 

18,300 











January 

24 

35 

100 








18 

January 

26 

11,100 











January 

31 

7,900 

24 

100 









February 

8 

31 






February 9, 1940 

Polyarthritis. 



February 

10 

9,400 











February 

15 

28 

300 









February 

22 


32 

300 









Februarv 

24 

10,900 











February 

27 

5,700 











February 

29 

32 

'300 









March 

21 

6,000 

29 

250 

6 

A.D. 

13 

F 





March 

15 


8 

60 - 


3436 







March 

20 






March 25/J940 

Pharyngitis. Fever 102.4 to , 

75% j 


March 

25 

12,200 








100.4° for two days. 


April 

I 

10.300 









| 

17 

April 

4 







1 

April 11, 1940 

1 

Carditis (PR interval pro- 









i 

longed). 



April 

12 

14,700 






J 

1 




April 

13 

35 










April 

18 









1 



April 

20 

20 

! 80 






j 



April 

27 

13,200 

! 32 

80 






j 



May 

2 

10,300 











May 

4 

25 

80 









May 

9 

13,100 










May 

11 

9,100 











May 

18 

31 

100 









June 

10 

5,900 

10 

100 









June 

24 

6,100 


- — 








June 

30 

12 

60 

7 

A.B. 

3518 

11 

F 





March 

March 

6 

9 

4,400 

1 

200 





March'2 6,^1 940 

Pharyngitis. Fever 102.2 to 

70% 


March 

15 

1 

200 






100.6° for two days. 


March 

28 

12,300 

3 

165 








22 

April 

1 

9,500 









April 

4 

13 










April 

11 


8 






April 17, 1940 

Carditis. 



April 

15 

10,300 










April 

18 

12,500 

19 

200 









April 

22 

13,600 









April 

25 

14 

200 









May 

2 

8.900 

5.900 

21 

6 

250 

~ — 








May 

15 

250 

































Three children who still had some evidence of 
rheumatic activity when they were admitted in 
the fall developed exacerbations Turing the course 
of the winter. Twenty-three children who be- 
came carriers of streptococcus Type 27 showed no 
signs of rheumatic activity. None of the remain- 
ing 43 children in the institution developed rheu- 
matic manifestations from November 1939 until 
July 1940. 

Comparison of the three epidemic strains isolated 
1937 to 1940 

Since the effect of these three outbreaks of 
streptococcal upper respiratory infections varied 
greatly in regard to the incidence of rheumatic 
recurrences, it seemed of interest to compare the 
three epidemic strains. Therefore, streptococcus 
C51 (Case 2, Table I), streptococcus Type 4 
(Lee) and Type 27 (Case 1, Table III), as well 
as one of the strains of undetermined type iso- 
lated in March 1939, 97T (Tudda), were com- 
pared as to capsule formation, colony form, mouse 
virulence, production of the type specific protein 
“ M ” and toxin production. 

METHODS 

Capsules. Capsules were studied in India ink prep- 
arations with freshly isolated cultures grown from three 
to five hours in tryptic digest broth. One large loop of 
culture and one small loop of sterilized India ink were 
mixed on a plain slide. A coverslip was then pressed 


down on the drop so as to make a thin layer. The 
preparation was examined with an oil immersion lens. 
Only organisms which appeared to be surrounded by a 
clear area of approximately 1 mm. or more in diameter 
were considered to have capsules. 

Colony type. Broth cultures of recently isolated strains 
were streaked on freshly prepared 5 per cent rabbit blood 
agar plates so as to obtain discreet colonies. The plates 
were sealed with parafilm and incubated for eighteen 
hours. The watery appearance of typically mucoid col- 
onies was striking. Matt colonies were identified with 
the aid of a colony microscope. 

Mouse virulence. One tenth cc. of an eighteen-hour 
broth culture of recently isolated strains was injected 
intraperitoneally into mice, weighing approximately 20 
grams. If this amount failed to kill, the culture was 
considered avirulent. Attempts to raise the virulence of 
C51, Type 4 and 97T by serial mouse passage proved 
unsuccessful. 

Anti “ M " precipitating sera. Rabbits were immunized 
with different strains of the epidemic streptococci CS1, 
Type 4, 97T and Type 27 to determine if precipitins for 
the type specific protein “ M ” could be produced. With 
streptococcus C51 and Type 4, sera were obtained which 
gave positive precipitin reactions with “ M ” extracts of 
the homologous types. To date, the preparation of anti 
“ M ” precipitating sera with streptococcus 97T and Type 
27 has been unsuccessful. 

Toxin production. Toxin production was tested by the 
intravenous injection (7) into rabbits of forty-eight-hour 
toxin prepared in the usual way (8). For purposes of 
comparison, a forty-eight-hour toxin was prepared at the 
same time with the standard toxin strain, NYS. It was 
found that 1 to 2 cc. of the NYS killed full-grown rab- 
bits regularly in eighteen hours, whereas 10 to IS cc. of 
the toxins prepared from the other four strains failed to 
kill. 
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The toxin production was further tested on 4 Dick- 
positive rheumatic children. The NY5 toxin in a dilu- 
tion of 1 : 5000 gave positive reactions in all 4 children, 
whereas the toxins of the four other strains diluted 
1 : 1000 gave irregular results, one child reacting posi- 
tively and another negatively to the same toxin. In view 
of the fact that these 4 children were known to have had 
fairly recent streptococcal upper respiratory* infections, 
it was thought that the positive reactions might be due 
to sensitivity to streptococcal protein rather than to toxin. 
These tests, therefore, were considered unreliable. 

The results of the comparison of the four 
strains are presented in Table IV. 


TABLE IV 

Comparison of the epidemic strains of streptococci 


Strab 

Year 

Num- 

ber 

of 

eases 

UJLL* 

1 

Num- 

ber 

of 

rheu- 

matic 

recur- 

rences 

Capsule 

Colony 

Mouse 

viru- 

lence 


Eryth- 

rogenic 

toxin 

Col 

1937-ms 1 

j 

12 

6 

large 

Urge 

mucoid 

negative 

j- 

negative 

tType4 

; 

Spring 
1939 1 

32 

0 

1 

negative 

medium 
matt i 

negative' 

+ 

negative 

97T 


6 

0 

large j 

mucoid 1 

negative 

1 

negative 

Type 27 

1933-1940 

39 

s 

large , 

large 

mucoid 

negative 

i 

negative 


* U.R.I. = upper respiratory infections. 

t Since this paper was accepted for publication, com- 
parative tests on the production of streptolysin 0 and 
fibrinolysin by the epidemic strains C51, Type 4, and 
Type 27 have been made. It was found that Type 4 
produced a more potent streptolysin 0 and a more active 
fibrinolysin than either C51 or Type 27. 

The comparison of these cultures showed that 
the only notable difference between the Type 4 
organisms, C51, and Type 27 was in the absence 
of a capsule and in the character of the colony. 
Although capsulated, mucoid streptococci are usu- 
ally considered to be more virulent than matt 
strains, the upper respiratory infections associated 
with streptococcus Type 4 were more severe than 
those associated with streptococcus C51 and strep- 
tococcus Type 27. It is of interest, furthermore, 
that during the spring of 1939 when Type 4 was 
prevalent, 6 children had upper respiratory infec- 
tions associated with capsulated mucoid strepto- 
cocci of undetermined types. These 6 children 
also failed to develop rheumatic recurrences. 

Cobum and Pauli (9) have described the isola- 
tion of Group A beta hemolytic streptococci which 
were ineffective in precipitating rheumatic recur- 
rences in apparently susceptible rheumatic indi- 


viduals. These authors were of the opinion that 
these strains differed from those associated with 
the subsequent development of rheumatic manifes- 
tations mainly in being poor toxin producers. In 
the experiments recorded above, no evidence was 
obtained to indicate that C51 and Type 27 pro- 
duced particularly strong toxins. 

The findings summarized in Table IV suggest 
that an unknown factor associated with strepto- 
cocci which precipitates rheumatic fever may have 
been lacking in Type 4 organisms. Since both 
C51 and Type 27 appeared capable of precipitating 
rheumatic recurrences, it can be assumed that 
these two strains contained or carried the hypo- 
thetical special rheumatic factor. The failure of 
some children to develop rheumatic fever follow- 
ing infections with these two strains might be ex- 
plained on the basis that these individuals were in 
a refractory state and therefore were insusceptible 
to rheumatic fever at that particular time. 

It was thought of interest to compare the rheu- 
matic histories of the 31 children who did not 
develop rheumatic recurrences following the strep- 
tococcus Type 27 pharyngitis with those of the 
8 who did. Ten of the 39 children, who had up- 
per respiratory infections associated with strepto- 
coccus Type 27 during the winter of 1939 to 1940, 
had had pharyngitis due to streptococcus Type 4 
the previous year. Four children who had rheu- 
matic recurrences following the Type 27 infections 
had escaped rheumatic sequelae following the 
Type 4 pharyngitis (Cases 1, 2, 4, and 7, Figure 

i). 

The rheumatic histories and cardiac findings 
before and after admission of the 39 children who 
had the Type 27 pharyngitis are presented in 
Figure 1. 

According to Wilson (2), the rheumatic mani- 
festation of greatest prognostic significance is car- 
ditis. Figure 1 shows that a large proportion, 6 
out of 8, of the children who developed rheumatic 
recurrences following streptococcus Type 27 
pharyngitis had had carditis. However, 14 of the 
31 children who escaped rheumatic sequelae also 
had had definite cardiac involvement. Four chil- 
dren who were considered to be particularly vul- 
nerable because their hearts were enlarged failed 
to develop rheumatic manifestations following the 
streptococcus Type 27 upper respiratory infection 
(Cases 23, 29, 35, 37, Figure 1). The average 
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table in ( continued ) 


Ml 

Patient 

Date 

i 

Clinical findings 

Strepto- 
coccus 
Type 
27, 
num- 
ber of 
colonies 

La- 

tent 

pe- 

riod 

Blood 

Name 

Age 

■ 

Sex 

Date 

i 

White 

blood 

cells 

Sedi- 

ment- 

ation 

rate 

Anti- 
strepto- 
lysin 0 
titer 



years 





days 




mm. 

units 

8 

T.L. 

13 

F 





March 

2 ! 

1 

3 

80 


3508 







April 

9 


i 

60 









April 

15 I 

6,800 







April 19, 1940 

Pharyngitis. No fever. 

80% 















April 

20 

8,500 










20 

April 

24 

8,900 

15 










May 

2 

8,850 

6 

80 




1 

May 9, 1940 

Carditis (PR interval pro- 



May 

9 

10,500 

14 

80 




| 


longed), erythema. 



May 

13 

13,700 

34 

80 


t 


i 



| 


Mav 

20 

6,700 

33 

80 





1 




May 

27 


32 

100 









May 

29 

9,500 




1 


i 





June 

10 

4,700 

17 

100 









June 

30 


8 

80 

1 

i 


i 





July 

10 

6,000 




Three children who still had some evidence of 
rheumatic activity when they were admitted in 
the fall developed exacerbations during the course 
of the winter. Twenty-three children who be- 
came carriers of streptococcus Type 27 showed no 
signs of rheumatic activity. None of the remain- 
ing 43 children in the institution developed rheu- 
matic manifestations from November 1939 until 
July 1940. 

Comparison of the three epidemic strains isolated 
1937 to 1940 

Since the effect of these three outbreaks of 
streptococcal upper respiratory infections varied 
greatly in regard to the incidence of rheumatic 
recurrences, it seemed of interest to compare the 
three epidemic strains. Therefore, streptococcus 
C51 (Case 2, Table I), streptococcus Type 4 
(Lee) and Type 27 (Case 1, Table III), as well 
as one of the strains of undetermined type iso- 
lated in March 1939, 97T (Tudda), were com- 
pared as to capsule formation, colony form, mouse 
virulence, production of the type specific protein 
“ M ” and toxin production. 

METHODS 

Capsules. Capsules were studied in India ink prep- 
arations with freshly isolated cultures grown from three 
to five hours in tryptic digest broth. One large loop of 
culture and one small loop of sterilized India ink were 
mixed on a plain slide. A coverslip was then pressed 


down on the drop so as to make a thin layer. The 
preparation was examined with an oil immersion lens. 
Only organisms which appeared to be surrounded by a 
clear area of approximately 1 mm. or more in diameter 
were considered to have capsules. 

Colony type. Broth cultures of recently isolated strains 
were streaked on freshly prepared 5 per cent rabbit blood 
agar plates so as to obtain discreet colonies. The plates 
were sealed with parafilm and incubated for eighteen 
hours. The watery appearance of typically mucoid col- 
onies was striking. Matt colonies were identified with 
the aid of a colony microscope. 

Mouse virulence. One tenth cc. of an eighteen-hour 
broth culture of recently isolated strains was injected 
intraperitoneally into mice, weighing approximately 20 
grams. If this amount failed to kill, the culture was 
considered avirulent. Attempts to raise the virulence of 
C51, Type 4 and 97T by serial mouse passage proved 
unsuccessful. 

Anti “ M ” precipitating sera. Rabbits were immunized 
with different strains of the epidemic streptococci C51, 
Type 4, 97T and Type 27 to determine if precipitins for 
the type specific protein “ M ” could be produced. With 
streptococcus C51 and Type 4, sera were obtained which 
gave positive precipitin reactions with M extracts o 
the homologous types. To date, the preparation of anti 
“ M ’’ precipitating sera with streptococcus 97T and 1 ype 
27 has been unsuccessful. 

Toxin production. Toxin production was tested by the 
intravenous injection (7) into rabbits of forty-eight lour 
toxin prepared in the usual way (8). For purposes of 
comparison, a forty-eight-hour toxin was prepared at the 
same time with the standard toxin strain, NY5. It was 
found that 1 to 2 cc. of the NY5 killed full-grown rab- 
bits regularly in eighteen hours, whereas 10 to 15 cc. ot 
the toxins prepared from the other four strains failed to 
kill. 
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The toxin production was further tested on A Dick- 
positive rheumatic children. The NY5 toxin in a dilu- 
tion of 1 : 5000 gave positive reactions in all 4 children, 
whereas the toxins of the four other strains diluted 
1 : 1000 gave irregular results, one child reacting posi- 
tively and another negatively to the same toxin. In view 
of the fact that these 4 children were known to have had 
fairly recent streptococcal upper respiratory infections, 
it was thought that the positive reactions might be due 
to sensitivity to streptococcal protein rather than to toxin. 
These tests, therefore, were considered unreliable. 

The results of the comparison of the four 
strains are presented in Table IV. 


TABLE IV 

Comparison of the epidemic strains of streptococci 


Strain 

Year 

i 

Num- 

ber 

of 

cases 

U.R.I.* 

1 

Num- 

ber 

1 >° f 
rheu- 
matic 
recur- 
rences 

Capsule 

1 

Colony 

| Mouse 
viru- 
lence 

"M M 

Eryth- 

rogcnic 

toxin 

Col 

1937-1938 

12 

6 

large 

large 

mucoid 

negative 

+ 

negative 

fType4 

Spring 

1939 

32 

0 

negative 

medium 

matt 

negative 

+ 

negative 

97T 


G ^ 

0 

large 

mucoid 

negative 

? 

negative 

Type 27 

1939-1940 

39 

8 

large ' 

large 

mucoid 

negative 

? 

negative 


*U.R.I. = upper respiratory infections. 

t Since this paper was accepted for publication, com- 
parative tests on the production of streptolysin 0 and 
fibrinolysin by the epidemic strains C51, Type 4, and 
Type 27 have been made. It was found that Type 4 
produced a more potent streptolysin 0 and a more active 
fibrinolysin than either C51 or Type 27. 

The comparison of these cultures showed that 
the only notable difference between the Type 4 
organisms, C51, and Type 27 was in the absence 
of a capsule and in the character of the colony. 
Although capsulated, mucoid streptococci are usu- 
ally considered to be more virulent than matt 
strains, the upper respiratory infections associated 
with streptococcus Type 4 were more severe than 
those associated with streptococcus C5l and strep- 
tococcus Type 27. It is of interest, furthermore, 
that during the spring of 1939 when Type 4 was 
prevalent, 6 children had upper respiratory infec- 
tions associated with capsulated mucoid strepto- 
cocci of undetermined types. These 6 children 
also failed to develop rheumatic recurrences. 

Coburn and Pauli (9) have described the isola- 
tion of Group A beta hemolytic streptococci which 
were ineffective in precipitating rheumatic recur- 
rences in apparently susceptible rheumatic indi- 


viduals. These authors were of the opinion that 
these strains differed from those associated with 
the subsequent development of rheumatic manifes- 
tations mainly in being poor toxin producers. In 
the experiments recorded above, no evidence was 
obtained to indicate that C51 and Type 27 pro- 
duced particularly strong toxins. 

The findings summarized in Table IV suggest 
that an unknown factor associated with strepto- 
cocci which precipitates rheumatic fever may have 
been lacking in Type 4 organisms. Since both 
C51 and Type 27 appeared capable of precipitating 
rheumatic recurrences, it can be assumed that 
these two strains contained or carried the hypo- 
thetical special rheumatic factor. The failure of 
some children to develop rheumatic fever follow- 
ing infections with these two strains might be ex- 
plained on the basis that these individuals were in 
a refractory state and therefore were insusceptible 
to rheumatic fever at that particular time. 

It was thought of interest to compare the rheu- 
matic histories of the 31 children who did not 
develop rheumatic recurrences following the strep- 
tococcus Type 27 pharyngitis with those of the 
8 who did. Ten of the 39 children, who had up- 
per respiratory infections associated with strepto- 
coccus Type 27 during the winter of 1939 to 1940, 
had had pharyngitis due to streptococcus Type 4 
the previous year. Four children who had rheu- 
matic recurrences following the Type 27 infections 
had escaped rheumatic sequelae following the 
Type 4 pharyngitis (Cases 1, 2, 4, and 7, Figure 
1 ). 

The rheumatic histories and cardiac findings 
before and after admission of the 39 children who 
had the Type 27 pharyngitis are presented in 
Figure 1. 

According to Wilson (2), the rheumatic mani- 
festation of greatest prognostic significance is car- 
ditis. Figure 1 shows that a large proportion, 6 
out of 8, of the children who developed rheumatic 
recurrences following streptococcus Type 27 
pharyngitis had had carditis. However, 14 of the 
31 children who escaped rheumatic sequelae also 
had had definite cardiac involvement. Four chil- 
dren who were considered to be particularly vul- 
nerable because their hearts were enlarged failed 
to develop rheumatic manifestations following the 
streptococcus Type 27 upper respiratory infection 
(Cases 23, 29, 35, 37, Figure 1). The average 
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age of the 8 children who developed rheumatic re- 
currences was 11.6 years, and that of the 31 chil- 
dren who escaped was 9.8 years. 

Coburn (10) is of the opinion that the type of 
immune response elicited by streptococcal pharyn- 
gitis in rheumatic subjects determines whether or 
not the rheumatic recurrences will develop. Ac- 
cording to this observer, if the rise in antistrepto- 
lysin O titer is delayed rather than prompt, rheu- 
matic sequelae are more likely to occur. 

In 9 of the 14 rheumatic recurrences following 
streptococcal upper respiratory infections observed 


by us, the rise in antistreptolysin O titer was not 
delayed. As already mentioned, 4 children who 
developed rheumatic manifestations following 
Type 27 streptococcus pharyngitis had had the 
non-effective Type 4 streptococcus upper respira- 
tory infection during the spring of 1939. The 
immune response of these 4 patients to these two 
infections was identical. The rise in the anti- 
streptolysin O titer of 2 of these children, both to 
the streptococcus Type 4 and Type 27, was marked 
and prompt. One child failed to show a rise 
either to the Type 4 or to the Type 27, and in the 
other child the rise in both instances was doubtful. 
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Fig. 1. Rheumatic Histories of 39 Patients Who Developed Streptococcus Type 

27 Pharyngitis 

Cases 1 to 8 represent the rheumatic histories of the 8 patients who developed rheu- 
matic recurrences. Cases 9 to 14 represent the rheumatic histories of the 6 patients 
who showed a rise in antistreptolysin • O titer without developing rheumatic se- 
quelae. Cases 15 to 39 showed no rise in antistreptolysin O titer and no rheumatic 

* The symbols used in this Figure were devised by the New York Heart Association. 
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SOURCE OF THE EPIDEMIC STRAINS 

In view of the fact that outbreaks of strepto- 
coccal upper respiratory infections are considered 
likely to precipitate rheumatic recurrences, it is the 
policy of some sanatoria and convalescent homes 
for rheumatic children to exclude children who 
are streptococcus carriers. It therefore was 
thought of interest to trace the probable source of 
each of the epidemic strains and also report the 
findings in regard to Group A beta hemolytic 
streptococcus carriers during each of the three 
winters. 

Children who were found to be streptococcus 
carriers on admission usually carried small num- 
bers of organisms and therefore were not ex- 
cluded. Only one boy who had chronic sinusitis 
with marked purulent nasal discharge, which con- 
tained Group A beta hemolytic streptococci in al- 
most pure culture, was sent home immediately. 

1937 to 1938 

The epidemic strain of this year, streptococcus 
C51, was introduced by a carrier admitted in May 
1937 and discharged in October of that year. 
During the summer and fall of 1937, 5 other chil- 
dren became carriers of this strain. The first case 
of streptococcus C51 pharyngitis appeared at the 
end of December 1937. 

Carriers. From December 1, 1937 until June 
1, 1938, 17 children were carriers of Group A beta 
hemolytic streptococci other than the epidemic 
strain C51. No cases of pharyngitis developed 
which could be attributed to infection with any of 
these 17 strains. 

1938 to 1939 

The epidemic strain of this year, streptococcus 
Type 4, was first isolated from a child with acute 
pharyngitis. Since streptococcus Type 4 had net 
been present before, it was thought probable that 
this child had contracted the upper respiratory in- 
fection from her parents who had visited her two 
days before she became ill. The source of strep- 
tococcus 97T, which was considered the cause of 
the other 6 cases of pharyngitis occurring during 
this year, was not determined. 

Carriers. From December 1, 1938 until June 
1, 1939, 19 children were carriers of Group A beta 


hemolytic streptococci other than the epidemic 
strain, streptococcus Type 4. Among these 19 
strains, 6 were found to be Types 5, 12, 17, 18, 
19, and 29, respectively. One child who had had 
streptococcus C51 pharyngitis during March 1938 
continued to carry this organism until June 14, 
1939. The types of the remaining 12 carrier 
strains were not determined. No cases of pharyn- 
gitis developed which could be attributed to infec- 
tion with an)' of these 19 strains. 

1939 to 1940 

The epidemic strain of this year, streptococcus 
Type 27, was introduced by a child who had a 
tonsillectomy done in another hospital. She was 
readmitted two days after the operation. She 
had fever for five days after her return, and dur- 
ing that time throat cultures showed large num- 
bers of streptococcus Type 27. 

A second strain of undetermined type, desig- 
nated as R31, was also prevalent during this year. 
This organism was introduced in June 1939. A 
large number of children, a total of 22, gradually 
became carriers of this strain. Only one child 
developed a mild pharyngitis due to this organism. 
After a latent period of fourteen days, this patient 
showed low-grade symptoms of rheumatic 
activity. 

Carriers. From December 1, 1939 until June 
1, 1940, 11 children were carriers of Group A 
beta hemolytic streptococci other than strepto- 
coccus R31 and the epidemic strain, streptococcus 
Type 27. Four children who were in the institu- 
tion during the spring of 1939 carried the epi- 
demic strain of that year, streptococcus Type 4, 
during the winter of 1939 to 1940. 

Of the 11 carrier strains 6 were found to be 
Types 2, 4, 6, 12, 17, and 29, respectively. The 
types of the other 5 carrier strains were not de- 
termined. No cases of pharyngitis developed 
which could be attributed to infection with any 
of these 11 strains. 

DISCUSSION 

Three outbreaks of streptococcal upper respira- 
tory infections occurring during three successive 
winters in a sanatorium for rheumatic children 
are reported. Each epidemic was associated with 
Group A beta hemolytic streptococci of a single 
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type, but a different type was prevalent in each 
outbreak. The incidence of rheumatic recurrences 
following these three waves of streptococcal 
pharyngitis varied greatly. In the first outbreak, 
following a latent period, half the children showed 
signs of rheumatic activity; in the second, all the 
children escaped rheumatic sequelae; and in the 
third, a relatively small proportion developed 
rheumatic recurrences. A comparison of the two 
types of streptococci associated with recurrences 
(u?. “ effective ” strains) and the t€ non-effective ” 
strain failed to show any significant differences. 

At the present time, there is, in our opinion, no 
adequate explanation of why rheumatic manifesta- 
tions sometimes follow in the wake of streptococ- 
cal upper respiratory infections and sometimes do 
not. It seems possible that either the “ non- 
effective strains of Group A beta hemolytic strep- 
tococci lack some unknown, hypothetical factor 
necessary for the precipitation of rheumatic re- 
currences, or that the vulnerability of rheumatic 
subjects to the effect of streptococcal upper re- 
spiratory infections varies greatly from year to 
year. 

Following infection with the two “ effective ” 
strains of streptococci, rheumatic recurrences de- 
veloped sporadically over a period of months. It 
therefore must be assumed that these organisms 
carried the hypothetical rheumatic iactor through- 
out the epidemics. However, a large number of 
children who had streptococcal pharyngitis due to 
these strains failed to develop demonstrable signs 
of rheumatic activity, suggesting that these indi- 
viduals may have been in a refractory state. A 
comparison of the rheumatic histories of the chil- 
dren who did and those who did not develop rheu- 
matic recurrences showed no striking differences. 

An analysis of the previous rheumatic attacks 
of the 14 children who developed rheumatic re- 
currences following streptococcal upper respira- 
tory infections showed that the rheumatic mani- 
festations in each patient tended to follow a 
certain pattern characteristic of the particular 
individual. Mild and severe rheumatic mani- 
festations followed infection with the same strain 
of Group A beta hemolytic streptococci. 

The effect of streptococcal upper respiratory 
infections in precipitating rheumatic sequelae has 
usually been studied in rheumatic patients with 
marked cardiac damage who are known to be sub- 


ject to frequent rheumatic recurrences. In this 
study, children in the early stages of rheumatic 
fever were selected because it is of primary im- 
portance to determine what factors precipitate 
recurrences before marked cardiac damage has de- 
veloped. It has been found (11) that in the ma- 
jority of cases severe cardiac involvement occurs 
within five years after the initial attack of poly- 
arthritis or carditis. At the present time, there 
is no way of predicting the subsequent course of 
a child shortly after his first attack of polyarthritis 
or carditis. It is therefore of interest that 31 chil- 
dren (Cases 9 to 39, Figure 1) who contracted 
the “ effective ” streptococcus Type 27 pharyn- 
gitis within five years following their first attack 
of polyarthritis or carditis escaped rheumatic 
sequelae. 

During 1937 to 1938 the probable source of the 
epidemic strain was a patient who was a strepto- 
coccus carrier. During 1938 to 1939 and 1939 to 
1940 the probable sources of the epidemic strains 
were 2 children who developed acute upper .re- 
spiratory infections as the result of outside con- 
tacts. During all three years, a fairly large pro- 
portion of the children carried Group A beta 
hemolytic streptococci of various types which, in 
most instances, did not spread or cause pharyn- 
gitis. It is noteworthy that some of these carrier 
strains had capsules and formed mucoid colonies. 
It is our impression that cases of upper respira- 
tory infections due to types of streptococci not 
previously present in the community are the most 
likely sources of epidemic strains. Occasionally, 
a carrier strain may spread slowly from child to 
child and after several passages produce clinical 
symptoms of upper respiratory disease. How- 
ever, at the present time, it is impossible to predict 
which carrier strain will behave in this way. 

In view of these findings, it does not seem to 
us that the exclusion of rheumatic children from 
sanatoria or convalescent homes because they are 
carriers of small or moderate numbers of Group 
A beta hemolytic streptococci is warranted. One 
or two throat cultures taken before admission are 
not adequate to exclude carriers. Children who 
are carriers may have negative throat cultures for 
several w'eeks, or months, and then again show' 
fairly large numbers of streptococci of the same 
type. 

A large proportion of children w r ho have had 
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streptococcal pharyngitis continue to carry strep- 
tococci for months after recovery. It has been 
found by several observers (12), as well as our- 
selves, that although sulphanilamide may reduce 
the number of streptococci carried temporarily, 
this drug does not clear up carriers permanently. 
At the present time, no effective way of clearing 
up streptococcus carriers is known and it is not 
feasible to isolate children for months at a time. 
It therefore is impossible to eliminate Group A 
beta hemolytic streptococci even in a relatively iso- 
lated group of children. 

As far as explaining the role of Group A beta 
hemolytic streptococci in the etiology of rheumatic 
fever is concerned, our observations leave many 
questions unanswered. Although the total num- 
ber of rheumatic recurrences, namely fourteen, 
observed during the three winters among more 
than 300 rheumatic children is small, it is striking 
that all of these followed in the wake of strepto- 
coccal pharyngitis. No child who escaped strep- 
tococcal upper respiratory infections developed 
rheumatic manifestations. On the other hand, 
many children who contracted infections with the 
“ effective ” strains of streptococci remained well. 

At the present time, the situation in regard to 
rheumatic fever is analogous to that which pre- 
vailed in regard to scarlet fever before the dis- 
covery of erythrogenic toxin and the Dick test. 
We now know that toxin-producing strains of 
streptococci are likely to produce scarlet fever in 
Dick-positive individuals. In rheumatic fever, we 
are unable to ascertain the state of susceptibility 
of the patient or what special property or factor 
makes certain strains of streptococci “ effective.” 
It seems possible that fluctuations in the resistance 
of rheumatic individuals from year to year may 
be more important in precipitating rheumatic re- 
currences than qualitative or quantitative differ- 
ences between various strains of streptococci. 

It is undoubtedly important to continue the 
study of the relationship of streptococci to the 
etiology of rheumatic fever. However, another 
approach to the problem should also be borne in 
mind. It seems possible that the streptococcus 
may be merely an indicator which accompanies the 
invasion or reactivation of a hypothetical rheu- 
matic agent. The entrance or increased activity 
of this agent may enhance the infectivity of strep- 
tococci, just as the multiplication of herpes sim- 


plex is facilitated by certain diseases which appar- 
ently lower the resistance of the patient. If this 
hypothesis is true, the failure of certain children 
to develop rheumatic sequelae following pharyn- 
gitis due to “ effective ” strains of streptococci 
might be explained on the basis that re-infection 
with exogenous rheumatic “ virus ” or reactivation 
of endogenous rheumatic “ virus ” had not taken 
place at that particular time. The latent . period 
observed following “ effective ” streptococcal up- 
per respiratory infections might represent the 
interval after the new attack or reactivation neces- 
sary for the rheumatic agent to multiply suffi- 
ciently to produce demonstrable symptoms. 
Strains of streptococci would then be “ effective ” 
or “ non-effective ” depending on whether or not 
they were coincident with a fresh infection or a 
reactivation of the rheumatic agent. The proof 
of this hypothesis depends on the isolation of a 
rheumatic “virus.” 

CONCLUSIONS 

1. The effect of three outbreaks of streptococcal 
upper respiratory infections during three succes- 
sive winters in a colony of rheumatic children are 
described. Each of these outbreaks was due to 
infections with a single type of Group A beta 
hemolytic streptococci, but during each epidemic 
a different type was prevalent. 

2. The incidence of rheumatic recurrences fol- 
lowing these streptococcal upper respiratory in- 
fections varied greatly — from none to a large 
proportion of the cases. 

3. A comparison of the epidemic strains failed 
to reveal any significant differences which might 
account for the variations in the incidence of 
rheumatic recurrences. 

4. A comparison of the rheumatic histories of 
children who escaped and of those who developed 
rheumatic recurrences following pharyngitis due 
to “ effective ” strains of streptococci likewise did 
not show any striking differences. Our findings 
suggest that the vulnerability of the rheumatic 
subject to the effect of streptococcal upper respira- 
tory infections is variable, and depends on factors 
which at the present time are not understood. 

5. No rheumatic recurrences were observed in 
children who escaped streptococcal upper respira- 
tory infections during the three-year period. 
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During the past three years, 1937 to 1940, the 
effect of upper respiratory infections on the re- 
activation of the rheumatic process has been 
studied at Irvington House, a sanatorium for 
rheumatic children. During each winter, in addi- 
tion to sporadic outbreaks of the 11 common cold/’ 
a series of cases of streptococcal pharyngitis de- 
veloped (1). In February 1940, a third type of 
upper respiratory infection, epidemic influenza, 
was observed for the first time. Fifty cases of 
influenza developed in rapid succession. Dr. 
Thomas Francis, Jr. of the New York University 
College of Medicine succeeded in isolating an 
influenza virus of a hitherto undescribed type, 
designated as B, from the throat washings of one 
of the cases (2). 

Since this is the first epidemic proven to be 
due to influenza virus B, the clinical and epidemio- 
logical findings were considered to be of interest. 
Furthermore, streptococcal pharyngitis was prev- 
alent in the community, and the opportunity for 
studying the effect of these two types of upper 


tine procedures are described in the preceding 
paper. 

1. Outbreak of streptococcal pharyngitis; No- 
vember 2, 1939 to April 19, 1940 

On November 2, 1939, a girl who had had a 
tonsillectomy in another hospital was readmitted. 
She had fever for six days after her return, and 
throat cultures, which had been negative before 
operation, showed large numbers of Group A beta 
hemolytic streptococci, Type 27. During No- 
vember, 4 other girls developed pharyngitis, and 
their throat cultures were positive for strepto- 
coccus Type 27. The infection spread slowly, 
with 8 cases in December, and reached its peak 
with 16 cases in January. Three new cases de- 
veloped in the first half of February, 6 in March, 
and 1 in April. During the six months when the 
streptococcal pharyngitis was prevalent, 23 chil- 
dren became carriers of streptococcus Type 27 
without developing clinical symptoms. 

Clinical findings in 39 children with streptococ - 


respiratory infections on each other was excellent, cus Type 27 pharyngitis . With a few exceptions, 
In 1935, Coburn and Pauli (3) reported an all the children complained of sore throat. Thirty- 
epidemic of u influenza ” in a group of rheumatic three of the 39 cases had fever ranging from 
children which appeared to facilitate the spread 104.2 to 100°, which subsided after three days in 
of Group A beta hemolytic streptococcus infec- all but 4 instances. The pharynx, in most of the 
tions. However, it seems possible that this out- patients, appeared inflamed and slightly edema- 
break of upper respiratory disease was not epi- tous. Exudate was noted only in children who 
demic influenza, since the leukocyte counts of the had tonsils. Only 2 patients had coryza. Three 
patients tended to be elevated rather than de- children developed cervical adenitis with a secon- 
pressed (4). A ferret pathogenic virus was not dary rise in temperature seven, eight and fifteen 
iso,ated - da y s > respectively, after the initial infection. No 

Since the outbreak of streptococcal pharyngitis other complications were observed, 
began before the epidemic of Influenza B, the After a latent period vatying from eleven to 
streptococcal upper respiratory infections will be twenty-two days, 8 of these 39 children developed 

described first. The type of community and rou- rheumatic recurrences (1). 1 

Tn, ~ , Laboratory data, streptococcus Type 27 pharvn- 

weaui ,S Fu V n°d by a grant from The Common - 9 A well - mari <ed leukocytosis with an in- 

crease m the percentage of polymorphonuclear 
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cells was the characteristic finding in most of the 
cases. The total leukocyte counts ranged from 
20,700 to 7,400, with an average count of 13,100. 
Following the pharyngitis, 28 children showed a 
well-defined rise in the erythrocyte sedimentation 
rate and 10 children a rise in antistreptolysin O 
titer. 

In February, when the incidence of streptococ- 
cal pharyngitis appeared to be declining a sudden 
outbreak of an acute, febrile disease clinically dis- 
tinct from the streptococcal infections appeared. 

2. Outbreak of Influenza B: February 16 to 
March 18, 1940 

On February 16, 1940, a girl developed fever 
of 100.6° for one day. She had no complaints 
and no signs of upper respiratory infection. Her 
leukocyte count was found to be 5,700. Throat 
cultures were negative for Group A beta hemo- 
lytic streptococci. Three days later a boy com- 
plained of malaise and his temperature was 102.4 
to 100° for five days. His leukocyte count was 
8,600. On the following day, 3 more children (2 
boys and 1 girl) had fever. None of these chil- 
dren complained of “ sore throat ” or had symp- 
toms suggesting the common cold. The leukocyte 
counts were uniformly low, and throat cultures 
were negative for Group A beta hemolytic strep- 
tococci. Further cases developed in rapid succes- 
sion until a total of 50 cases was reached within a 
period of thirty-one days. The percentage of 
susceptible individuals, 46 per cent of 108 chil- 
dren, was high. The percentage of girls affected, 
namely 53 per cent (35 of the 66 girls), was 
greater than the percentage of boys, 35 per cent 
(15 of the 42 boys). All the children who con- 
tracted epidemic influenza had been in the insti- 
tution two and one-half months or longer, and 
were considered to be in good general condition. 
Half of the 108 children were receiving large 
doses of vitamins A, B complex, C and D, in 
addition to the regular, well-balanced diet (5). 
However, the incidence of epidemic influenza in 
children receiving the same diet without additional 
vitamins, and those receiving an excess of vita- 
mins, was the same. None of the 40 adults who 
lived in the institution contracted the disease. 

Clinical findings in 50 children with Influenza 
B. The onset was abrupt, with an elevation of 


temperature. The most common complaints were 
headache, drowsiness and slight malaise. Thir- 
teen children had no complaints at any time. Mild 
coryza was noted in 10 of the 50 children on 
the second or third day of illness. Four children 
developed a slight cough. Myalgia was present 
in only 4 instances. The average duration of 
fever was four days with a maximum of 104° F. 
A secondary rise in temperature after one to three 
days occurred in 7 children. Gastro-intestinal 
symptoms were not observed. In the majority of 
children, the symptoms were mild. Physical ex- 
amination revealed no abnormal findings. The 
pharynx did not appear inflamed and the lungs 
were clear. All the children recovered rapidly 
and no complications of any kind developed. The 
postinfluenzal lassitude, so commonly seen in 
adults, was absent. No rheumatic recurrences 
followed in the wake of the influenzal outbreak. 

The contrast in the clinical findings of these 
two types of upper respiratory infection, strepto- 
coccal pharyngitis and Influenza B, was striking 
and is presented in Table I. 


TABLE I 

Comparison of complaints and symptoms in 39 cases of 
streptococcus Type 27 pharyngitis and 50 cases 
of Influenza B 


Streptococcal 

pharyngitis 


Influenza B 


Complaints: 

“Sore throat**. . . 
“Headache” . . . . 

Drowsiness 

Malaise 

Myalgia 

None 

Symptoms: 

Onset 

Duration of fever 

(average) 

Pharynx 

Cervical adenitis. 

Coryza 

Cough 


35 patients 
3 patients 
0 

1 patient 
0 
0 


gradual 


2 days 

inflamed, edematous 

3 patients 
2 patients 

0 


0 

16 patients 
13 patients 
10 patients 
4 patients 
13 patients 


abrupt 


4 days 
normal 

n0ne . / 

10 patients (mild) 

4 patients (slight) 


Laboratory data, Influenza B . In contrast to 
the leukocytosis observed in the patients with 
streptococcal pharyngitis, a * relative leukopenia 
with no increase in the percentage of polymorpho- 
nuclear cells was the characteristic finding in cases 
of the virus infection. The average leukocyte 
count was 5,600. The range of the leukocyte 
counts found in these two types of acute respira- 
tory infections is presented in Figure 1. 

The percentage of polymorphonuclear cells in 
the two diseases also showed marked differences 
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Fig. 1. Leukocyte Count in 50 Cases of Influenza 
and 3 7 Cases of Streptococcus Type 27 Pharyngi- 
tis* 

* Leukocyte counts were not obtained on 2 of the 
patients with streptococcal pharyngitis. 

** This child had had infectious mononucleosis. With 
the onset of Influenza B, her leukocyte count dropped 
from 31,000 to 10,400 in two days. 


and is presented in Table II. Only 13 of the 
50 children showed a slight transient rise in the 
erythrocyte sedimentation rate. With the excep- 
tion of known carriers, throat cultures were uni- 
formly negative for Group A beta hemolytic strep- 

TABLE II 


Differences in the polymorphonuclear response to 
streptococcal pharyngitis and Influenza B 


Polymorphonuclear 

cells 

Streptococcal 

pharyngitis 

Influenza B 


Number 


Number 


Per cent 

of 

Per cent 

of 

Per cent 


cases 


cases 


90, or above . , . . 

1 

2.6 



80 to 90 

8 

21.6 



70 to 80 

15 

40.5 

4 

8 

60 to 70 

10 

27.2 

19 

38 

60, or below . . . . 

3 

8.1 

27 

54 

Total 

37 

100.0 

50 

100 


tococci. No rise in antistreptolysin O titer oc- 
curred. 

Epidemiological data , Not only the clinical and 
laboratory but also the epidemiological picture of 
the two diseases varied greatly. In contrast to 
the streptococcal epidemic, the onset and termina- 
tion of the influenza outbreak were abrupt, a total 
of 50 cases developing within a period of thirty- 
one days. The difference in the mode of spread 
of the streptococcal pharyngitis and the Influenza 
B is presented in Figure 2. 

3. The relationship of the influenza epidemic to 
the outbreak of streptococcal pharyngitis 

Thirty-two cases of streptococcus Type 27 
pharyngitis had occurred in the community before 
the beginning of the influenza epidemic on Feb- 
ruary 16, 1940. 

During the first twelve days of the influenza 
outbreak, when 25 cases of the virus infection 
developed, no new cases of streptococcal pharyn- 
gitis were observed. During the second half of 
the influenza epidemic, when 25 more cases of 
influenza appeared, only 2 children who escaped 
the virus infection developed streptococcal pharyn- 
gitis. From March 19 to April 19, when the 
influenza outbreak was over, 5 new cases of strep- 
tococcus Type 27 pharyngitis developed. Three 
of these 5 children had escaped Influenza B. 
Only 2 patients who had had influenza subse- 
quently contracted the streptococcus Type 27 
pharyngitis ; in one case, the interval between the 
virus and streptococcal infections was two weeks, 
and in the other, four weeks. The clinical find- 
ings in these 7 children were similar to the 32 
cases of streptococcal pharyngitis which occurred 
before the influenza outbreak. No increase in 
severity of the symptoms was observed and no 
complications developed. 

Of the 50 children who contracted Influenza B, 
21 had had streptococcus Type 27 pharyngitis. 
Twelve of these 21 patients were still carrying 
streptococcus Type 27 during the influenza epi- 
demic, Nine children who had become carriers 
of streptococcus Type 27 developed influenza. 
No increase in the number of streptococci carried 
by these children was detected. Two children 
who developed influenza were carriers of Group 
A beta hemolytic streptococci of undetermined 
types. No evidence of spread of these organisms 
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was observed. The data in regard to previous 
and subsequent infection with streptococcus Type 
27 and the number of streptococcus carriers in 
the group of 50 patients with Influenza B are pre- 
sented in Figure 3. 

DISCUSSION 

In the past few years, several outbreaks of 
acute respiratory disease clinically indistinguish- 
able from epidemic influenza have been reported 
in which attempts to isolate an etiological agent 
were unsuccessful and no relationship to known 
strains of influenza virus could be established (6). 
In a recent article (7), it was suggested that the 
term Influenza A should be used to designate in- 
fections caused by any of the known strains of 
influenza virus, and that new types of virus could 
then be named Influenza B, C, et cetera. 

The outbreak of epidemic influenza occurring 
at Irvington House, described in this paper, is of 
special interest because a new virus serologically 
distinct from Influenza A was isolated by Francis 
(2). Furthermore, by immunological studies this 


author showed that the same or a very closely re- 
lated etiological agent was also responsible for 
other epidemics occurring in widely separated 
parts of the United States of America. In accord- 
ance with the terminology recently suggested (7), 
Francis has designated this virus Influenza B (2). 

The symptoms caused by Influenza B closely 
resembled those associated with Influenza A. The 
disease was mild, with constitutional rather than 
catarrhal symptoms predominating. The leuko- 
cyte counts in the 50 Influenza B patients con- 
sistently showed a relative leukopenia. 

Cases of pharyngitis due to a single type of 
Group A beta hemolytic streptococci, Type 27, 
were prevalent in the community before the out- 
break of Influenza B. No evidence was obtained 
to suggest that Influenza B facilitated the spread 
of Group A beta hemolytic streptococci. 

The epidemiology, as well as the clinical and 
laboratory findings in these two types of acute 
respiratory disease, differed greatly. The explo- 
sive character of the Influenza B outbreak indi- 
cated that all the susceptible individuals in the 



Fig. 2. Weekly Incidence of Streptococcal Pharyngitis and Epidemic Influenza from November 1939 

to June 1940 


O Pharyngitis, Type 27 
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community contracted the infection in a relatively 
short time. Susceptibility to the streptococcus 
Type 27 pharyngitis was much less marked, since 
new cases developed over a period of six mon * 1S ' 
Furthermore, the susceptibility of the same child 
seemed to vary from time to time because, m a 
few instances, in spite of intimate exposure to an 
acute case of the streptococcal infection, c 1 ten 
failed to develop pharyngitis, only to contract t e 

disease several weeks later. .... 

The most striking difference in the clinical pic- 
ture was the absence of signs and symptoms re er 
able to the upper respiratory tract in most o t e 
' cases of Influenza B. In the streptococcal infec- 
tions nearly all the patients complained of sore 
throat,” and definite inflammation of the p arynx 
was usually apparent. The laboratory finding o 
the greatest value in establishing the diagnosis 
Influenza B was the leukocyte count. By ^ eaI ^ s 
of the leukocyte count, it was usually possi e o 
differentiate cases of the virus infection torn 
cases of streptococcus Type 27 pharyngitis on t 
first day of disease. A relative leukopenia was 
found in all the patients with Influenza an a 
definite leukocytosis in the majority of . patien 
with the streptococcal infection. Following a 
tent period 8, or 20 per cent, of the 39 pa ien s 
who had the streptococcus Type 27 p aryngi ^ 
developed rheumatic recurrences, whereas no 


stance of a reactivation of the rheumatic process 
was observed following Influenza B. 

CONCLUSIONS 

1 An outbreak of influenza due to a recently 
described influenza virus, Influenza B (2), in a 
relatively isolated group of rheumatic children has 
been described. 

2 The clinical symptoms w r ere mild and re- 
mained remarkably uniform throughout the epi- 
demic. No complications of any kind developed. 

3 The characteristic laboratory finding was a 
relative leukopenia. 

4 No evidence was obtained to suggest that tne 
virulence of a Group A beta hemolytic strepto- 
coccus of proven pathogenicity was increased by 
this strain of influenza virus. 

5. Rheumatic recurrences were not precipitated 
by the influenza outbreak. 
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The literature pertaining to the effects of the 
anterior pituitary gland on calcium and phos- 
phorus metabolism, well summarized by Zwaren- 
stein (1) and Houssay (2), is meager and the 
results reported are contradictory. This is due 
in part to the fact that many of the previous 
workers employed inert anterior pituitary gland 
preparations. 

In 1934 Hertz and Kranes (3) and Anselmino, 
Hoffmann and Herold (4) found that injections 
of an alkaline extract of the anterior pituitary 
gland into rabbits and rats caused hypertrophy of 
their parathyroid glands. Marenzi and Gersch- 
man (5), working with dogs, were unable to 
demonstrate such an effect regularly. 

Alterations in the blood calcium have rarely 
been observed following either hypophysectomy or 
the administration of anterior pituitary gland ex- 
tracts, Hogben (6) did report the occurrence of 
a low blood calcium in the toad (Xenopus Laevi) 
following removal of the anterior pituitary and 
the pars intermedia. He further stated that in- 
jections of pituitary extracts caused a fall in the 
blood calcium. These observations have been con- 
firmed by Shapiro and Zwarenstein (7). 

The evidence suggesting that the pituitary in- 
fluences the parathyroid glands and calcium and 
phosphorus metabolism in higher animals is even 
more conflicting. Gerschman and Marenzi (8), 
working in Houssay’s laboratory, found no change 
m the blood calcium of hypophysectomized dogs 
but did observe an elevation following the admin- 
istration of an alkaline anterior pituitary extract, 
a finding previously noted in one dog by Thomp- 
son and Cushing (9). Subsequently, Marenzi 
and Gerschman (10) reported that such extracts 
were without effect on the blood calcium of four 
thyroparathyroidectomized dogs. Because of the 

The expenses of tins investigation were aided in part 
by a grant from the Commonwealth Fund, 


extreme difficulty in maintaining such experi- 
mental animals in a constant state, too much sig- 
nificance cannot be attached to these results. 
Friedgood (11) and Friedgood and McLean (12) 
noted increased blood calcium levels in rats and 
guinea pigs when alkaline anterior pituitary ex- 
tracts were given. A tendency to a negative cal- 
cium balance in hypophysectomized rats, counter- 
acted by injections of growth-promoting pituitary 
extracts, was observed by Pugsley and Anderson 

(13) . 

The literature may be summarized as follows: 
Injections of alkaline anterior pituitary extracts 
produce hypertrophy of the parathyroid glands 
and may cause elevation of the blood calcium 
level. It has not been definitely proved that this 
latter effect is lost in the absence of the thyroid 
and parathyroid glands. Hypophysectomy does 
not alter the blood calcium level of animals other 
than the toad. 

The evidence favoring a relationship of the pi- 
tuitary to the parathyroid glands and calcium and 
phosphorus metabolism in man consists of histo- 
logical material collected by Cushing and Davidoff 

(14) and metabolism studies on two acromegalic 
patients (15, 16). Scriver and Bryan (15) stud- 
ied a case of acromegaly with marked osteoporo- 
sis. Although they demonstrated the existence 
of a negative calcium balance, they presented no 
data supporting the view that hyperfunction of 
the thyroid and parathyroid glands played any role 
in the production of this metabolic alteration. 
The case studied by Langeron et al . (16) showed 
a reversal to a positive calcium balance following 
roentgen ray therapy to the pituitary gland. The 
metabolic regime which they employed was not 
described, the dietary regime was most haphazard, 
and only two one-day metabolic studies were made. 

The purpose of this report is to present the 
calcium, phosphorus and nitrogen metabolism 
studies of five patients suffering from varying 
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grades of uncomplicated acromegaly, to discuss the 
alterations observed and to comment upon the ef- 
fects of roentgen ray therapy. 

METHODS 

The metabolic methods of ward management 
and analyses of blood and excreta were the same 
as we have employed previously (17). The pa- 
tients were maintained on a constant low calcium, 
neutral diet similar to that used in later studies 
(19, 20), thus affording a satisfactory basis of 
comparison with our normal control subjects who 
were individuals between 19 and 60 years of age. 
The patients were all conscientious individuals, 
well suited for metabolic investigations. 

RESULTS 

Four patients with varying grades of acro- 
megaly all showed a calcium excretion well above 
that found in normal individuals on the same die- 
tary intake. Case V, who was believed to have 
only very slight evidence of increased activity of 
the pituitary, showed a normal excretion (Table 
I). The average calcium excretion per 3-day pe- 
riod, shown in Table II, is seen to be approxi- 
mately twice that of the control subjects. It is 
further noted that the excess calcium appears in 
the urine. Expressed as milligrams of calcium 
excreted per kilogram body weight, the acrome- 
galics excreted 19 mgm. per kgm., as compared to 
12.7 mgm. per kgm. for the normal individuals. 
The highest value, 27.4 mgm. per kgm., was seen 
in Case I. As will be seen from Table I, the cal- 
cium excretion was higher in the patients who 
clinically had the more active disease. 


TABLE II 

Average calcium excretion per 3 -day period on a 
low calcium neutral diet 



Number 

of 

patients 

Urine 

i 

Feces 

Total 



grams 

grams 

grams 

Controls ... . 

9 

0.19 

0.39 


Acromegalics i 

5 

0.65 

0.45 


Excluding Case V . 

4 

0.78 

0.43 



Two of the acromegalics (Case I and Case III) 
were studied before and after roentgen ray ther- 
apy to the pituitary gland. Table III shows that 
in Case I both the calcium and phosphorus excre- 


table m 

Average calcium and phosphorus excretion pet 3-day 
period before and after roentgen ray therapy 



Number 
of 3-day 

Calcium 

j Phosphorus 



meta* 







Comment 


bolio 








periods 

averaged 

Urine 

Feces 

Total 

Urine 

Feces 

Total 


Case I 


(proms 

prams 

t 

grams 

grams 

grams 

grams 

The dietary intake 

therapy 

4 

UO 

0.67 

1.77 

2.73 

0,67 

3.40 

for each patient was 
the Bame before and 

After 

3 







after treatment (See 

therapy 

0.69 

0.54 

1.23 

2.13 j 

0.69 

2.03 

Table 1} 

Casein 









Before 

therapy 

4 

0.57 

0,34 

0.91 

151 

0.63 

2.23 


After 

therapy 

3 

0.77 

030 

1.07 

1.65 

0.67 

3.40 



tions were reduced after such treatment. Clinical 
improvement was so great that the patient refused 
operative intervention. Case III, studied 40 days 
after the second course of roentgen ray therapy 
(a total of 2700 r units was given each time to 
the pituitary body), received no apparent clinical 
benefit from these treatments, the basal metabolic 
rate was unchanged, and the calcium excretion 
remained essentially the same. 

All patients except Case V showed negative 
phosphorus and nitrogen balances. The average 
phosphorus loss was somewhat greater than might 
be expected considering the N/P and Ca/P ratios. 

At the suggestion of Dr. J. H. Means, Case 
III received LugoFs solution in order to determine 
if it would have any effect on the basal metabolic 
rate and the calcium and phosphorus excretions. 
The iodine solution was given 10 days prior to, 
as well as during, the period of observation. 
Table IV shows that it exerted no effect. This 

TABLE IV 


The basal metabolic rate and the average calcium and phos- 
phorus excretion per 3-day period in Case III before and 
during the administration of LugoVs solution 



Number 
of 3-day 
met a- 

Calcium 

Phosphorus 

Basal metabolic 

1 

bolie 

periods 

averaged 

Urinej 

Feces 

Total 

Urine 

Feces 

j 

Total. 

rate 

Before i 

4 

i 

grams 

057 

grams 

034 

grams 

0.91 

grams 

151 

grams 

053 

grams 

2.04 

■F2C.+n,*fI5, 4.7 

Dunns j 

3 

0.54 

0.43 

0.97 

1.60 

0.63 

233 

*H to -f 13 


is contrary to Friedgood’s experience with guinea 
pigs receiving injections of anterior pituitary ex- 
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tract (18). He found that the basal metabolic 
rate was lowered when Lugol’s solution was ad- 
ministered to these animals. 

That the observed increased calcium excretion 
is not the result of an increased metabolic rate 
is well illustrated in Table I. Here an increased 
calcium excretion is seen in Case II, despite the 
fact that the basal metabolic rate was — 22.. 
Likewise, an increased calcium excretion was ob- 
served in one case of Cushing’s basophilism with 
a very low metabolic rate ( 19, 20) . Furthermore, 
it has been shown that the elevated metabolism 
produced by leukemia and fever is not accom- 
panied by an increased calcium excretion (21). 

DISCUSSION 

From the data presented it is apparent that the 
calcium and phosphorus metabolism of acrome- 
galics differs from that of normal individuals. 
This abnormality is characterized by an increased 
urinary calcium and phosphorus output, the serum 
calcium and phosphorus and the fecal calcium and 
phosphorus being normal. This metabolic find- 
ing is not encountered in either hyperthyroidism 
or hyperparathyroidism. In the former, both the 
urinary and fecal calcium and phosphorus ex- 
cretions are increased, and the blood values are 
normal. In hyperparathyroidism, the increased 
urinary calcium and phosphorus excretions are as- 
sociated with a hypercalcemia and a hypophospha- 
temia. From our data it would seem unlikely 
that the observed increased urinary calcium ex- 
cretion of the acromegalic is the result of stimu- 
lation of the thyroid and the parathyroid glands 
by the pituitary. However, it is impossible to 
rule out such a relationship. This same pituitary 
effect is observed in Cushing’s basophilism syn- 
drome (due to a basophilic adenoma), a disease 
characterized by a low metabolic rate (20, 22). 
From the present data it would appear wiser to 
assume that the anterior pituitary gland influences 
the calcium metabolism and that no relationship 
with other glands of internal secretion has been 
established. Thus it would appear that another 
endocrine gland is capable of influencing the rate 
of calcium exchange. 

CONCLUSIONS 

Patients with acromegaly have an abnormal 
calcium and phosphorus metabolism characterized 


by an increased urinary excretion of these min- 
erals, although the blood and fecal calcium and 
phosphorus values are normal. These increased 
excretion rates roughly parallel the intensity of 
the disease but are not dependent upon an elevated 
basal metabolic rate. 

Roentgen ray therapy of the pituitary gland 
caused a reduction in the urinary calcium and 
phosphorus excretion in one patient and was with- 
out effect in another. The administration of 
Lugol’s solution to one patient did not alter the 
basal metabolic rate or the calcium and phosphorus 
metabolism. 

It is therefore concluded that the pituitaiy gland 
must be considered one of the factors capable of 
altering the calcium and phosphorus metabolism. 

PROTOCOLS 

Case I, Mrs. M. T. B., a 33-year-old, married house- 
wife, was admitted to the hospital on March 24, 1927, 
because of amenorrhea and acromegalic features. Her 
past history was essentially negative. She had been 
married 14 years and had 2 children living and well. 
There had been no other pregnancies and no miscar- 
riages. Six years before her menses had ceased. About 
this same time she noticed that the features of her face 
were coarser, her lips thicker, and that she required a 
larger hat. Definite enlargement of the hands and feet 
was also observed. All these changes gradually increased 
up to the time of her entrance to the hospital. She 
further complained of loss of libido, weakness and fron- 
toparietal headaches which occurred about once a month, 
lasted 24 to 48 hours, and were never accompanied by 
nausea and vomiting. There was no history of blurring 
or dimness of vision. 

On physical examination the patient was found to be 
a large-framed woman showing coarse facial features, 
thick, moist skin, prominent superciliary ridges, a large, 
broad nose, large ears, marked prognathism, widely sep- 
arated teeth and an enlarged tongue. The eyes were 
slightly more prominent than normal. The margins of 
the discs were blurred. Vision was normal. The visual 
fields were normal. The isthmus of the thyroid was 
enlarged. Examination of the heart, lungs and abdomen 
was negative. The blood pressure was 180/100. A slight 
right dorsal and left lumbar scoliosis was present. The 
uterus was slightly enlarged and retroverted. The hands 
and feet were larger and thicker than normal; the fingers 
and toes were broad. A neurological examination was 
negative. 

Laboratory examinations were as follows: Routine 
blood and urine examinations were negative. Renal 
function tests were normal. Blood Wassermann was 
negative. The basal metabolism test was + 27 per cent 
Sugar tolerance test (100 grams of glucose) : 
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Blood supar 

Time mffM. per 100 cc. 

Fasting 99 

30 minutes 1 200 

60 minutes 128 

150 minutes 158 

Roentgenograms showed a thickened skull, a definitely 
enlarged sella turcica with some destruction of the floor 
and the posterior clinoid processes, enlarged sinuses, 
prominent mandible with separated teeth, spade-like hands 
and feet, with some tufting of the terminal phalanges. 

Metabolic studies were made before the patient was 
given a course of deep x-ray therapy. The x-ray treat- 
ment resulted in disappearance of the headaches, increase 
in strength and a better state of wellbeing without any 
obvious change in the acromegalic features. She was 
re-admitted to the hospital on February 14, 1928, for 
further metabolic studies. She had been symptom-free 
since her first entrance. Physical examination at this 
time showed no new findings. The sugar tolerance curve 
was almost identical with that of the previous year, and 
the basal metabolism test was + 25 per cent. 

Impression: Acromegaly with moderate to severe hy- 
perpituitarism probably due to an acidophilic adenoma 
of the anterior lobe of the pituitary. 

Case II, Mr. M. K., a 30-year-old, unmarried, Jewish 
upholsterer, was referred to the hospital on April 4, 
1927, for study because of obvious acromegalic features. 
The patient had always been considered “a weak and 
sickly child/' His past history was irrelevant except for 
typhoid fever at 21 years of age. It was difficult to 
determine the exact time of onset of his various symp- 
toms. These were weakness, dizziness, headaches, easy 
fatigability, drowsiness, increased appetite and consti- 
pation. Enlargement of the hands and feet was first 
noticed 4 years previously. His weight of 174 pounds 
had remained unchanged during these 4 years. 

Physical examination revealed a large-framed man 
with coarse features, coarse, moist skin, normal distri- 
bution of body hair, a widened nose, thick lips, an en- 
larged tongue, separated teeth and prognathism. The 
tonsils were enlarged. Examination of the heart, lungs 
and abdomen was negative. The blood pressure was 
130/85. His hands were enlarged and spade-like in 
appearance. His feet were enlarged and showed broad 
toes. Neurological examination was normal. 

The laboratory examinations were as follows : Routine 
blood and urine examinations were normal. Blood Was- 
sermann was negative. The basal metabolism test was 
— 22 per cent. Sugar tolerance test (100 grams of 
glucose) : 


Time 

Fasting . . 
30 minutes 
60 minutes 
120 minutes 
180 minutes 


Blood sugar 
mgm. per WO cc . 

. . . . 91 
.... 125 
.... 140 
.... 127 
.... 115 


Roentgenograms showed definite enlargement of the 
sella turcica with some erosion of the clinoid processes, 
enlarged sinuses, hypertrophy of the mandible, separation 
of the teeth, tufting of the terminal phalanges and broad 
metacarpals. 

Impression : Acromegaly, probably due to a slow grow- 
ing acidophilic adenoma of the anterior lobe of the 
pituitary or one which had ceased to grow. The patient 
had hyperpituitarism, but the basal metabolism test and 
sugar tolerance curve suggested that the activity of the 
pituitary was much less marked at the time he was 
studied than it had been. 

Case III, Mr. A. R. J,, a 56-year-old, married, un- 
employed insurance agent, first entered the hospital in 
May, 1936, because of acromegalic features. His past 
history was essentially negative except that he had suf- 
fered from mild Raynaud's disease for 20 years. He 
had been married 26 years and had 3 children. Ten 
years prior to entry, a friend first called attention to 
his acromegalic features. The patient thought they had 
become more marked since then, although he denied in- 
crease in size of head, hands and feet. Two years be- 
fore, he first noted separation of the teeth, a dorsal 
kyphosis and forward bulging of the chest. His other 
complaints were weakness, loss of energy, easy fatiga- 
bility, a voracious appetite, increased sweating and slight 
progressive blurring of vision. 

On physical examination the patient was found to be 
a tall, well-developed, somewhat undernourished man. 
He had a well-defined dorsal kyphosis. His chest was 
barrel-shaped. He had a warm, moist, thick skin, mod- 
erately enlarged superciliary ridges, broadening of the 
nose, moderate prognathism, separation of the teeth and 
enlargement of the tongue. Examination of the eyes 
revealed haziness of the lens, marked myopia and upper 
bitemporal quadrantic anopsia. The thyroid was not 
enlarged. Examination of the heart and lungs was nega- 
tive. The blood pressure was 120/90. The liver and 
spleen were felt one finger's breadth below the costal 
margin. The right kidney pole was palpable. The geni- 
talia were normal. The hands and feet seemed slightly 
enlarged, the fingers and toes being broader than normal. 
Neurological examination was negative. 

The laboratory examinations were as follows : Routine 
blood and urine examinations were normal. Fasting non- 
protein nitrogen and blood sugar were normal. Blood 
Wassermann was negative. The basal metabolism tests 
were +26, +21, +15 and +7 per cent. Sugar tol- 
erance test (100 grams of glucose) : 

Blood su^ar 

* Jme tngm. per 100 cc. 

Fasting 97.6 

30 minutes 114 0 

90 minutes 170.4 

180 minutes 138.0 

240 minutes \\2.0 

Roentgenograms showed a thickened skull, an enlarged 
sella turcica, enlargement of the sinuses, prominent man- 
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dible with separation of the teeth and tufting of the 
terminal phalanges of the hands and feet. 

Metabolic studies were made at the time of the first 
admission. The patient was then discharged home for 
10 days on the same low calcium diet. During this 10- 
day period and the subsequent metabolic study period, he 
received 10 minims of Lugol’s solution each day. The 
basal metabolic rates during this period varied from 
+ 1 to +13. The third metabolic study was made 40 
days after the last of two courses of deep x-ray therapy. 
During each course of treatment he received a total of 
960 r to each of the temporal and frontal regions. The 
eight basal metabolism tests during the third metabolic 
period varied from + 5 to + 24. The patient's con- 
dition was seemingly unchanged as a result of the treat- 
ment given. 

Impression: Acromegaly with slight to moderate hy- 
perpituitarism probably due to an acidophilic adenoma of 
the anterior lobe of the pituitary. 

Case IV, Mrs. M. D., a 34-year-old, married, Greek 
housewife, entered the hospital January 17, 1928, com- 
plaining of amenorrhea. Her appendix had been re- 
moved 15 years before. Otherwise her past history was 
essentially negative. The patient’s family was of large 
stature and she was considered a large woman prior to 
the onset of her present illness. Hypertrichosis, a family 
characteristic, had been present for 15 years. Three 
months after her marriage, 8 years before admission, she 
had first noted swelling of the hands and fingers. She 
had had 6 miscarriages the first 2 years of married life. 
She had never become pregnant after “ radium treat- 
ment of the womb ” in 1922. Following the radium 
treatment amenorrhea gradually increased so that she 
menstruated only twice a year, and at such times her 
menstrual flow was very scanty. During the previous 
3 years, the hypertrichosis of her face had increased, her 
facial appearance had changed, her hands and feet had 
definitely enlarged, and she frequently suffered from 
bitemporal headaches which were often accompanied by 
nausea, vomiting, diplopia and blurred vision. She had 
frequent epistaxis which she considered as evidence of 
vicarious menstruation, yet no relation to her regular 
menstrual periods could be established. She also corn- 
pained of great fatigability, weakness, hyperhydrosis, in- 
termittent pains iri the extremities, loss of libido, occa- 
sional precordial pain and a tendency to constipation. 
A photograph taken in 1925 showed definite acromegalic 
features, whereas one taken 5 years before did not. She 
had gained 50 pounds in the previous 7 years. 

Physical examination revealed a large-framed woman 
of good muscular development who showed obvious acro- 
megalic features such as coarse, moist skin, hypertri- 
chosis of the face, arms and legs, prominent superciliary 
ridges, a widened nose with large nares, thick lips, 
separated teeth, a prognathic lower jaw, large, thick 
hands and feet, broad fingers and toes. Examination of 
the heart was negative except for a systolic murmur 
heard over the entire precordium but loudest at the apex. 
The blood pressure was 118/76. Examination of the 


eyes showed indistinct disc margins and bitemporal upper 
quadrantic anopsia. 

The laboratory examinations were as follows : Routine 
blood and urine examinations were considered normal. 
Blood and spinal fluid Wassermann tests were negative. 
The basal metabolism test was + 17 per cent. Sugar 
tolerance test (100 grams of glucose) : 

Blood sugar 

Time tngm. per 100 cc. 

Fasting 114 

45 minutes 145 

150 minutes 167 

Roentgenograms disclosed an unusually thick skull, 
particularly of the frontal bones, very large sinuses, 
marked hypertrophy of the mandible, a definitely enlarged 
sella turcica, with thinning and irregularity of the pos- 
terior clinoid processes. X-ray examination of the gastro- 
intestinal tract showed a large, dilated, atonic stomach 
with sluggish peristalsis ; the rectum, sigmoid and ascend- 
ing colon were very much dilated with absent haustral 
markings ; the cecum was large but showed normal frus- 
trations. The patient was studied before a course of deep 
x-ray therapy was given. Following this treatment, the 
patient’s headaches were less frequent and her weakness 
seemed less marked. 

Impression: Acromegaly with slight hyperpituitarism 
probably caused by an acidophilic adenoma of the anterior 
lobe of the pituitary gland. 

Case V, Mrs. R. M., a 46-year-old, white, widowed, 
housekeeper, entered the hospital October 19, 1928, com- 
plaining of headaches. Her past history was not sig- 
nificant. There was no family history of gigantism. She 
had 2 children living and well; there had been no other 
pregnancies and no miscarriages. Six years before she 
was told that her facial appearance had changed. Two 
years later enlargement of the hands and feet was suf- 
ficiently marked to require larger gloves and shoes. The 
changes noted in her facial features, hands and feet 
gradually increased up to 6 months prior to entry. 
Amenorrhea had been present for 3Yz years. In 1924 she 
first noticed enlargement of the thyroid. She was seen 
in the thyroid clinic that year. Her symptoms were hot 
flashes, nervousness, diarrhea, palpitation, hyperhydrosis 
and occasional frontal headaches. Examination at that 
time showed typical acromegalic features but no signs 
suggesting exophthalmic goiter, although her basal me- 
tabolism was + 30 per cent. The sella turcica appeared 
normal on x-ray examination. Her vision and visual 
fields were normal. Three weeks before admittance to 
the hospital, she developed a severe occipitofrontal head- 
ache associated with nasuea, vomiting, diplopia and dim- 
ness of vision. This attack lasted 2 days. She had 4 
other such attacks, each being less severe and of shorter 
duration. 

Physical examination revealed a medium sized woman, 
fairly well developed and nourished. The following 
acromegalic features were present : prominent superciliary 
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ridges, a broad nose, a dry, thick skin, moderately thick 
lips, an enlarged tongue, moderate prognathism, with 
moderate separation of the teeth, enlarged, spade-like 
hands and enlarged feet. The eyes were slightly promi- 
nent. There was paralysis of the left external rectus 
muscle. Examination of the fundi showed slight hazi- 
ness of the upper right disc margin. The tonsils were 
enlarged and appeared cryptic. The thyroid was defi- 
nitely enlarged; no nodules were felt and no thrill or 
bruit was present. The heart was normal except for a 
systolic murmur at the apex- The blood pressure was 
120/80. The lungs were negative. The abdominal ex- 
amination was negative. Neurological examination was 
normal. 

The laboratory examinations were as follows : All urine 
examinations showed a trace of albumin; no other ab- 
normalities were found. Red blood cell count 4,200,000; 
white blood cell count 8,100; hemoglobin 70 per cent. 
The blood smear showed 53 per cent polymorphonuclears, 
39 per cent small lymphocytes, 7 per cent large mono- 
nuclears, and 1 per cent eosinophils. Blood Wassermann 
was negative. The basal metabolism test was — 24 per 
cent. Roentgenogram of the sella turcica showed definite 
enlargement when compared with that taken in 1924. 
There was slight tufting of the terminal phalanges. 

Impression : Acromegaly probably due to a slow-growing 
acidophilic adenoma of the anterior lobe of the pituitary* 
Hyperpituitarism had probably existed at some previous 
time but the clinical studies at the time the patient was 
studied suggested decreased pituitary' activity. 
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The mechanism of the severe nitrogen retention 
seen in extrarenal conditions such as pyloric 
stenosis or intestinal obstruction has not been es- 
tablished conclusively. Some investigators at- 
tribute it to transient renal insufficiency of a purely 
functional character (1, 2). Others (3, 4) be- 
lieve that renal function is essentially unaffected 
and relate the azotemia directly to the hypochlo- 
remia. However, marked nitrogen retention has 
been observed frequently in the presence of nor- 
mal or high levels of plasma chloride (5, 6). 
Kerpel-Fronius (7), furthermore, has shown ex- 
perimentally that azotemia is not a complication 
of hypochloremia in the absence of dehydration 
and also that azotemia does develop in dehydration 
without hypochloremia. The purpose of the pres- 
ent study was to clarify the problem of extrarenal 
azotemia by studying the effects of a gradually 
induced hypochloremia on the acid-base equi- 
librium and renal function in the dog. The in- 
vestigation also includes an analysis of the hista- 
mine-stimulated gastric secretion removed during 
these experiments. 

METHOD OF STUDY 

Chloride deprivation was gradually produced by the 
intermittent withdrawal of the gastric contents. It was 
desirable to remove the gastric juice under conditions 
otherwise as nearly normal as possible. For this purpose 
two healthy female dogs were operated upon under ether 
anesthesia. A special gold-plated cannula 2 was intro- 


1 Read before the Central Society for Clinical Re- 
search, November 1, 1940. 

2 The gastrostomy cannula employed was devised by 
Dr. Alfred J. Klein of the Department of Medicine and 
is similar to that described by Dragstedt (Surg., Gynec., 
and Obst, 1933, 56, 799). In the quantitative collection 
of gastric juice intermittently over a period of weeks, 
the addition of a plunger to Dragstedt’s cannula has 
proved useful. The cannula proper consists of a brass 
tube with an internal diameter of 1.1 cm. and is 7.5 cm. in 
length. The circular flange at the proximal end has a 
diameter of 3.5 cm. Attached to the cap, which screws 
on the distal end of the cannula, is a closed hollow brass 
cylinder so constructed in diameter and length that it 


duced into the stomach and was brought through the 
abdominal wall to the exterior. After recovery from 
the operation, the dogs were placed on a liberal diet with 
added vitamins. The chloride content of the food was 
carefully determined and the intake of salt was main- 
tained at a low level almost constantly except for one 
short period during which food with a higher salt con- 
tent was inadvertently used. The chloride intake in dog 
14 (weight 7.6 kgm.) averaged 315 mgm. daily, exclud- 
ing seven days when the daily intake approximated 499 
mgm. The chloride intake in dog 35 (weight 11.0 kgm.) 
averaged 467 mgm. daily, except for one week during 
which the daily amount rose to 746 mgm. Both dogs re- 
ceived a liberal allowance of chloride-free water which 
they drank freely throughout the experiment. In dog 
14 the intake averaged 237 cc. daily for most of the ex- 
perimental period; this amount was increased to 366 cc. 
daily during the final four weeks. Dog 35 received 331 
cc. daily at first. The intake was then increased to 462 
cc. and during the last seven days averaged 975 cc. (in- 
cluding 100 cc. of 2 Y 2 per cent sodium citrate and 300 
cc. 5 per cent glucose in distilled water intravenously). 

The weight of the animals was checked every seven 
to fourteen days. The serum chloride, carbon dioxide and 
pH, and the blood urea nitrogen were determined at 
weekly intervals (8) ; in addition, renal function in dog 
35 was measured by the urea clearance method of Van 
Slyke (9). The urine was collected for two hours in 
these studies. After a control period of several weeks, 
the removal of gastric contents was begun. The dogs 
were trained to stand quietly on a table and the secretion 
of gastric juice was stimulated with hourly subcutaneous 
injections of histamine, the average dose ranging from 
0.33 to 0.50 mgm. in dog 14 and from 0.50 to 1.0 mgm. 
in dog 35. The contents were collected in glass Soxhlet 


completely fills the lumen of the cannula. Both the 
cannula and the plunger are gold-plated. The introduc- 
tion into the stomach is simple. An incision is made in 
the anterior surface of the antrum just long enough to 
permit insertion of the flange. Two pursestring sutures 
are taken in the stomach around the shaft of the cannula 
and the omentum is wrapped around the shaft. The 
distal end of the cannula is brought to the outside through 
a stab wound in the abdominal wall. There has been no 
leakage with subsequent excoriation of the skin and no 
loss of gastric juice in dogs prepared by this method. 
On withdrawal of the cap and plunger there is an im- 
mediate flow of gastric contents undiluted by materials 
which usually accumulate in the shaft of a cannula with 
a simple cap. 
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Fig. 1. The Effect of Gradual Chloride Depletion on the Acid-base Balance 
and Blood Urea Nitrogen in Dog Number 14 


flasks, after removal of the screw-cap plunger from the 
cannula, for three hours each day. Food and liquids 
were placed in the cages after each collection. Accurate 
records were kept of the volume of secretion removed 
daily; the pH was determined with a Beckman pH meter; 
the chlorides were measured by the method of Van Slyke 
and Sendroy (8). It was impossible to prevent the 
occasional accumulation of saliva in the stomach; re- 
gurgitation of bile, however, was infrequent. 

RESULTS 

The gastric contents were withdrawn intermit- 
tently from dog 14 over a period of seventy-four 


days. It will be noted (Figure 1) that the serum 
chloride decreased gradually from an average of 
105.5 mM. per liter to the low value of 46.8 mM, 
per liter, a reduction of 56 per cent. The serum 
carbon dioxide rose to a peak of 56.2 mM. per 
liter, and the pH increased to a level of 7.63. 
The total anion concentration (Cl and HC0 3 ) de- 
creased from an average of 135 mM. per liter, 
when the acid-base balance was normal, to 103.1 
mM. per liter as the hypochloremia became severe. 
Despite the severe hypochloremia and alkalosis, 




TABLE I 


Gastric secretion rf*<rnj£ hypochloremia 



Gastric juice (daily values) 


Volume 

pH 

Chloride 

Dog 14: 

a. Period of normal blood chloride 

(103^-101^2 mM. jrr liter ) 

b. Severe hypochlorcnua 

(55.2-16.8 ffljf. per liter) 

ec. 

70-150 
average 09 
50-124 
average &4 

1.20-1.43 
average 1,30 
1.40-2.70 
average 1.87 

mM. per liter 

132-148 
average 138 
02-126 
average 117 

Dog 35: 

o. Period of normal blood chloride 
(10S.4-9S.4 m.lf. per liter) 

5. Severe hypo chloremia 
(56.4-3S.9 mM. per liter) 

87-170 

average 121 

46-159 
average 123 

1.18-2.41 
average 1.43 
1.45-1.65 
average 1.51 

132-148 
average 140 
112-140 
average 131 


the rise in blood urea nitrogen was slight, ranging 
from 14.0 to 19.7 mgm. per cent during the period 
of chloride loss. It will be noted (Table I, Fig- 
ure 2) that the volume and chloride content of 
th.e gastric juice decreased moderately while the 
pH rose slightly. Weight loss amounted to 1.1 
kgm., or 14 per cent of the body weight, and oc- 


curred chiefly during the latter stages of the ex- 
periment. Weakness gradually increased and on 
the seventy-fourth day the withdrawal of gastric 
juice was discontinued. The dog was found dead 
in its cage several days later. At necropsy the 
lungs were congested but there was no evidence 
of pneumonia. The kidneys showed early post- 
mortem changes. The glomeruli and tubules were 
normal on microscopic examination, although con- 
siderable protein precipitate was present in the 
glomerular spaces and in the tubules. Calcium 
was not found in the kidney, using von Kossa’s 
silver nitrate stain. One parathyroid gland was 
successfully located and appeared entirely normal 
on histologic examination. 

The gastric contents were withdrawn intermit- 
tently from dog 35 for eighty-six days. The serum 
chloride, carbon dioxide and pH remained normal 
for thirty-nine days, by which time 13,510 mgm. 
of chloride had been removed (Figure 3). In 
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Fig. 3. The Effect of Gradual Chloride Depletion on 
Urea Nitrogen, and Urea Clearance in ' 


: Acid-base Balance, Blood 
Number 35 
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le following week the serum chloride decreased 
pprcciably and eventually diminished from an 
verage of 107.3 mM. per liter to the low level of 
8.9 nvM. per liter, a reduction of 64 per cent, 
'he scrum carbon dioxide rose to a height of 
7.5 mM. per liter and the pH to a level of 7.72. 
Hiring the final two days the scrum carbon 
ioxide and pH decreased despite the progressive 
ypochloremia. The total anion concentration 
Cl and HCO ;; ) diminished from an average of 
31 mM. per liter, when the acid-base balance 
/as normal, to the very low value of 82.1 mM. 
cr liter during the final stages of the hypochlo- 
emia. The blood urea nitrogen in this animal 
cached a peak of 28.6 mgm. per cent. This 
lode rate elevation of the blood urea nitrogen is 
n marked contrast to the high values usually 
ound in acute hypochloremic and alkalosis. The 


values ranged from 10.9 to 17.1 mgm. per cent 
when the serum chloride was normal and from 
16.8 to 28.6 mgm. per cent during the hypochlo- 
remia. The total plasma nitrogen, non-protein ni- 
trogen, and plasma proteins were normal several 
hours before death, the values being 10.14 grams 
per liter, 0.40 grams per liter, and 6.09 grams per 
cent, respectively. Excretion of ingested water 
was delayed in both dogs as the chloride loss was 
intensified. However, after diuresis appeared, 
urine volumes during the hypochloremia closely 
approximated those obtained when the acid-base 
balance was normal. The urine volumes in dog 
35 averaged 1.72 cc. per minute during the con- 
trol period and 1 .46 cc. per minute during chloride 
deprivation. Urine collections (two-hour periods) 
were delayed until diuresis occurred. The urea 
clearances remained normal throughout the ex- 
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periment, ranging from 68.9 cc. to 41.8 cc. of 
blood per square meter when the serum chloride 
was normal, and from 50.9 cc. to 47.2 cc. during 
the chloropenia, except for one value of 38.7 cc. 
These results do not differ greatly from the aver- 
age urea clearances reported for the normal dog 
by other authors. Rhoads ct al. (10) obtained an 
average clearance of 49.8 cc. ; Ralli ct al. (11), 
57.7 cc. ; and Jolliffe and Smith (12), 55.3 cc. 
In dog 35 the average daily volume of gastric 
juice was unchanged, the pH rose slightly, and 
the decrease in chloride content was comparatively 
small (Table I, Figure 4). Dog 35 lost 1.5 kgm., 
or 13.5 per cent body weight, almost entirely dur- 
ing the last seven days of the experiment. Mus- 
cular hyperirritability developed on the eighty- 
eighth day and the animal died several hours later. 
At necropsy the glomeruli were normal and there 
was slight focal tubular atrophy with cortical scar- 
ring. The lumina ol many ol the collecting tu- 


bules were filled with blue staining masses which 
proved to be calcium (Figure 5). Analysis of 
the skin, skeletal muscle, liver, and kidney in both 
dogs revealed a markedly reduced chloride con- 
tent. Direct measurements of the blood sodium 
were not made in these experiments. However, 
the fact that the sum of the anions (Cl and HCO-) 
was much below normal indicates a decreased con- 
centration of cation, i.c., sodium. 

DISCUSSION 

Inasmuch as the gastric juice is derived from 
water and electrolytes taken from the blood 
plasma, the continued loss of gastric secretion 
involves a considerable loss of chloride and a much 
smaller but significant depletion of sodium. The 
loss of anion (Cl) is replaced by an extension 
of bicarbonate, and therefore does not alter the 
total electrolyte value at first, whereas loss of base 
is not replaceable except from the diet and, more- 
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over, carries with it an equivalent quantity of 
bicarbonate ion. The deficit of base is accom- 
panied by a corresponding loss of extracellular 
water, leading to an extensive reduction in the 
volume of extracellular fluid (13). Severe nitro- 
gen retention usually accompanies such acute dis- 
turbances in the plasma electrolytes and fluid (14, 
15, 16). Experimentally, Dragstedt and Ellis 
(17) found an elevation of the urea nitrogen 
from 12 to 154 mgm. and of the non-protein ni- 
trogen from 27 to 180 mgm. when the whole blood 
chloride decreased from 300 to 108 mgm. of chlo- 
ride. The pathogenesis of the azotemia has not 
been clearly understood, although several explana- 
tions have been offered. Blum attributed the rise 
in blood urea to reabsorption of urea through the 
tubules of the kidney in order to raise the sub- 
normal osmotic pressure of the plasma. Urea, 
however, is a crystalloid and, even if reabsorbed, 
would not regulate the osmotic pressure of the 
plasma as originally conceived for it diffuses freely 
through all the tissues of the body. As McCance 
(15) points out, nothing can act as an efficient sub- 
stitute for an extracellular electrolyte unless its 
distribution is limited to the extracellular fluids. 

A second cause which has been given for the 
development of extrarenal azotemia is the in- 
creased protein catabolism of dehydration. Nu- 
merous investigators (18, 19) have shown that de- 
privation of water alone may accelerate the break- 
down of protein. McCance (20) found during 
acute salt deficiency produced by diet and sweating 
that, with a reduction in the volume of body fluids 
of 28 to 38 per cent, the subjects were in negative 
nitrogen balances. Both in clinical and experi- 
mental salt deficiency the loss of chloride is abrupt 
and is rapidly followed by a marked loss of body 
water. The nitrogen retention, therefore, may be 
explained simply on the basis of excessive protein 
breakdown associated with anhydremia (21, 22, 
23). The azotemia in hypochloremia has been at- 
tributed also to impaired renal function secondary 
to dehydration (24, 25). This concept is sup- 
ported by the findings of Landis et al (26) in that 
the mild elevation of blood urea nitrogen follow- 
ing restriction of sodium chloride was accom- 
panied by a slightly diminished average twenty- 
four-hour urea clearance. The conventional one- 
hour clearances were normal. McCance and Wid- 
dowson (27) found a decrease of the creatinine. 


sucrose, inulin, and urea clearances during acute 
salt deficiency. These decreases were attributed 
to diminished glomerular filtration and to in- 
creased tubular reabsorption of urea. Eventual 
reduction of the volume of blood plasma by the 
process of dehydration causes physical changes in 
the blood and in the mechanics of its circulation 
which greatly reduce volume flow through the 
kidneys, with the result that accuracy of renal 
function is impaired. These changes include: in- 
creased colloidal osmotic pressure ; increased blood 
viscosity, decreased blood volume; a reduction in 
the number of “ active glomeruli ” ; and a decrease 
in the rate of circulation. Regardless of the spe- 
cific mechanisms operative, it is apparent that the 
basic renal disturbance is not one of primary or 
secondary renal disease but of impaired renal 
function secondary to dehydration. 

This study, in contrast to the previous investi- 
gations, indicates that a gradually induced hypo- 
chloremia is not necessarily accompanied by severe 
nitrogen retention. Ambard and his associates 
(28) and Hiatt (29) have made similar observa- 
tions. The decisive factor which determines the 
extent of azotemia during hypochloremia appears 
to be the degree and rapidity of dehydration as- 
sociated with the chloride loss. The extracellular 
fluid was not measured but, presumably, was 
diminished. Evidence for its decrease is to be 
found in the significant loss of weight sustained 
by both dogs and also in the established fact that 
loss of body fluid occurs with a decrease in serum 
electrolytes (30). Since the animals drank con- 
siderable amounts of chloride-free water daily, it 
would appear that dehydration did not exist in 
the sense of deprivation of water, but was present 
in the sense that loss of body fluid accompanied 
the loss of electrolytes. However, the dogs ap- 
parently were able to make rather satisfactory 
adjustments to severe changes in the electrolyte 
balance during most of the experiment. The 
normal urea clearances and the finding of normal 
nitrogenous constituents in the blood several hours 
before death are evidence of adequate renal func- 
tion. The mild elevation of blood urea nitrogen 
may be considered as indicative of a decrease in 
renal function too small to be detected by the usual 
clearances, as suggested by the work of Landis. 
The explanation of such an assumed impairment 
of renal function, however, is not easily hypothe- 
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sized. The urinary volumes were excellent, al- 
though we observed, as have other workers, an 
unexplained delay in water diuresis in these 
animals. 

The calcium precipitate observed in the renal 
collecting tubules in dog 35 is of considerable in- 
terest since it is not usually present in the normal 
dog and was not found in dog 14. This condition 
was described originally by Nazari (31) in 1904 
in two patients with prolonged vomiting secondary 
to pyloric stenosis. Many similar reports subse- 
quently appeared (32, 33, 34) but the mechanism 
of the condition is not entirely clear. Calcium 
salts are not infrequently deposited in necrotic 
kidney cells. Martz and others believe that the 
secretion of an acid urine during severe alkalosis 
makes the cell fluids of the kidney even more alka- 
line and thereby favors tbe precipitation of cal- 
cium. Hatano (35) was able to prevent this com- 
plication during hypochloremia by the intravenous 
injection of sodium chloride which tended to cor- 
rect the acid-base balance. The use of sodium 
bicarbonate proved ineffective. Gomori and his 
co-workers (36) have frequently observed fat de- 
generation with necrosis and calcification in the 
kidneys of patients dying of “ hypochloremic 
uremia.” Since the kidneys in the present experi- 
ment were normal, the calcium precipitate is prob- 
ably the result of an abnormal physical chemical 
state in the urine. 

The results of the present investigation are in 
complete accord with other studies in demonstrat- 
ing that during periods of marked hypochloremia, 
the gastric mucosa is able to secrete normal 
amounts of highly acid gastric juice. Dragstedt 
and Ellis (17), working on dogs with total gastric 
pouches, found that the gastric glands continued 
to secrete in spite of a plasma chloride level lower 
than one-third of normal ; the volume of secretion, 
however, was reduced and its acidity lessened. 
Lim and Ni (37) observed a continued secretion 
in dogs despite dehydration and a loss of one-half 
of the total body chloride. ICatsch and Melling- 
hoff (38) and Mellinghoff and Heuschert (39) 
withdrew gastric juice from patients for ten hours 
each day for three to five days, removing up to 33 
grams of sodium chloride, and produced an aver- 
age fall in the whole blood chloride of 51 mgm. 
per 100 cc. The gastric secretion showed a 20 
per cent reduction in volume without significant 


change in the chloride content. The response to 
histamine was as good or almost as good on the 
last day of treatment as it had been on the first. 
McCance (20) found that salt deficiency produced 
by diet and sweating tended to reduce the concen- 
tration of acid and chloride in gastric juice but 
that individuals varied widely in their response. 
Solely, Lagen and Lockhart (40) examined three 
healthy men over a period of one week on a salt- 
deficient diet, an increased output of salt being ob- 
tained by frequent periods of sweating. They 
found no significant change in the free acidity or 
total hydrochloric acid of the gastric juice under 
these conditions. The degree of salt deficiency, 
however, was very slight. Nicol and Lyall (41) 
studied a group of patients with peptic ulcer in 
whom ltypochloremia had been induced by vomit- 
ing and concluded that the gastric mucosa could 
still secrete normal amounts of hydrochloric acid. 
The blood chloride in one patient had decreased to 
60 mM. per liter. Hiatt (29) has recently found 
that the volume and total acidity of the histamine- 
stimulated gastric secretion were decreased in dogs 
with chloride levels below 65 per cent of normal. 
The function of the gastric glands is apparently 
unique, since chloride secretion by other routes, 
including the skin and choroid plexus, and its ex- 
cretion via the kidney are diminished or cease com- 
pletely in the presence of a severe hypochloremia. 

SUMMARY 

A gradual depletion of body chloride was pro- 
duced in two dogs by the intermittent withdrawal 
of histamine-stimulated gastric juice over periods 
of seventy-four and eighty-six days. The dogs 
received a generous diet with added vitamins and 
a liberal allowance of chloride-free water. The 
salt intake was maintained at a low level, averag- 
ing 315 and 467 mgm. daily. At weekly intervals 
determinations were made of the serum chloride, 
carbon dioxide, pH and blood urea nitrogen, and 
renal function in one animal was measured by the 
urea clearance method of Van Slyke. In dog 14 
the serum chloride decreased from an average of 
105.5 mM. per liter to 46.8 mM. per liter, while in 
dog 35 the serum chloride decreased from an 
average of 107.3 mM. per liter to 38.9 mM. per 
liter. In dog 14 the carbon dioxide rose to 56.2 
mM. per liter and the pH to 7.63 ; in dog 35 the 
carbon dioxide rose to a height of 57.5 mM. per 
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liter and the pH to 7.72. The blood urea nitrogen 
in dog 14 ranged from 10.6 to 16.6 mgm. per cent 
when the acid-base balance was normal, and from 
13.3 to 19.7 mgm. per cent during the hypochlo- 
remia. The blood urea nitrogen in dog 35 ranged 
from 10.9 to 17.1 mgm. per cent with a normal 
acid-base balance and from 16.8 to 28.6 mgm. per 
cent during the chloropenia. Both dogs lost ap- 
proximately 14 per cent of body weight. There 
was indirect evidence to suggest that the blood so- 
dium 'was diminished. Since both animals were 
allowed to drink as much chloride-free water as 
desired, dehydration in the ordinary sense of water 
deprivation was not present. The nitrogenous 
constituents of the blood in dog 35 were normal 
shortly before death. The urea clearance re- 
mained normal throughout, ranging from 68.9 to 
41.8 cc. during the control period and from 50.9 to 
47.2 cc. during the depletion of body chloride. 
The excretion of ingested water was delayed in 
both dogs as the loss of chloride was intensified. 
In dog 14 there was a moderate decrease in the 
volume and chloride content of the gastric juice, 
the pH rising slightly ; while in dog 35 the volume, 
pH and chloride content of the gastric juice did 
not change significantly. Calcium precipitation 
was observed in the renal collecting tubules of 
dog 35. 


conclusions 

1. A severe alkalosis may be induced by the 
gradual withdrawal of gastric contents without 
severe or, indeed, even marked nitrogen retention. 

2. Such an alkalosis apparently does not pro- 
duce renal injury detectable either by the urea 
clearance test or by histologic examination. 

3. The secretion of hydrochloric acid by the 
gastric mucosa is relatively uninfluenced by a pro- 
found hypochloremia. 

The authors wish to express their appreciation to Drs. 
Louis Leiter and Walter Lincoln Palmer for their valu- 
able aid in the analysis of the data. 
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The isolation (1), synthesis (2) and physio- 
logical significance (3 to 9) of pyridoxine 1 in 
animal nutrition have recently been established. 
Clinical studies have not been very extensive. 
Spies and his collaborators (10) have noted that 
certain residual symptoms insomnia, irri- 

tability, weakness, difficulty in walking and ab- 
dominal pain) in treated pellagrins responded to 
pyridoxine therapy. In a case of arsenical neu- 
ritis, Vilter (II) commented on the rapid remis- 
sion when pyridoxine was added to the already 
instituted therapy. He also observed an exacer- 
bation when pyridoxine was discontinued. Smith 
and Martin (12) successfully treated three out 
of four patients suffering with cheilosis. In the 
fourth patient the addition of liver extract brought 
relief. These investigators state that deficiency 
of either riboflavin or pyridoxine may be the etio- 
logical factor primarily responsible for cheilosis 
or that both together are necessary in maintaining 
the integrity of the mucocutaneous junction. An- 
topol (13) noted improvement in a group of 
patients with pseudohypertrophic muscular dys- 
trophy when pyridoxine was administered. Les- 
sening in rigidity and improvement in muscle 
strength were noted in a group of patients suffer- 
ing with Parkinsonism after the use of pyridoxine 
(14, 15). This improvement was observed par- 
ticularly in early cases of senile Parkinson’s 
disease. 

There have been isolated reports indicating 
favorable response to pyridoxine therapy in both 
macrocytic (16) and microcytic (12) anemias. 

ark^ and his associates (17), however, after 
studying the responses of six anemic patients fol- 
lowing pyridoxine administration, did not observe 
any improvement in the hematological picture. 

Recently, Scudi and his co-workers (18) re- 
ported a colorimetric test for the determination of 


•! J he * erm Pyridoxine is used interchangeably 
> pyridoxine or pyridoxine hydrochloride. 


pyridoxine. They (19) found that normal rats 
excreted a higher percentage of the ingested vita- 
min when compared to rats maintained on a diet 
deficient in pyridoxine. Applying this test to 
dogs and normal humans, Scudi and his collab- 
orators (20) found that pyridoxine is rapidly 
absorbed from the gastro-intestinal tract and ex- 
creted by the kidneys. In dogs, 18 per cent of 
the vitamin was excreted in one hour when it was 
administered intravenously, while 20 per cent was 
excreted in six hours when given orally. In thir- 
teen healthy adults receiving 50 mgm. of pyri- 
doxine intravenously, an average of 8.7 per cent 
was excreted in the urine in one hour, while 7.6 
per cent was recovered in the urine in four hours 
after 100 mgm. were given orally. 

The investigations of Scudi have provided clini- 
cians with a test which may indicate the degree 
of saturation or ability of the body to utilize pyri- 
doxine. Spies (21) recently reported clinical 
data which confirm the usefulness of Scudi 1 s test. 
This paper is an attempt at further evaluation of 
the method for clinical use. An effort has also 
been made to determine the influence of various 
pathological factors on the pyridoxine status in 
humans. 


MATERIALS AND METHODS 

Patients studied in this series were from the wards and 
dispensary of the New York Post-Graduate Hospital and 
the First Medical Division of the Welfare Hospital for 
Chronic Diseases. The patients were on standard bal- 
anced hospital diets. No special therapy was employed 
except where noted. The tests were carried out by 
obtaining a control specimen of urine following which 
50 mgm. of pyridoxine were administered intravenously 
and approximately 400 ml. of water were then given 
orally. One hour after the administration of the vitamin 
another urine specimen was obtained. Patients with 
Parkinson’s disease required catheterization in order to 
obtain accurately timed urine specimens. The pyridoxine 
determinations and calculations were carried out accord- 
ing to the method outlined by Scudi (19, 20). 
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RESULTS 

Ninety-eight tests were performed on eighty- 
four patients. For purposes of analysis, the pa- 
tients have been grouped first, according to age 
and pyridoxine output ; and secondly, according to 
specific ailment, namely: Parkinson’s disease and 
renal insufficiency. 

TABLE i 


One hour urinary output of pyridoxine in patients with 
normal renal function from 5 to 15 years of age after the 
administration of 50 mgm. of pyridoxine intravenously 


Patient 

Age 

Sex 

Pyri- 

doxine 

output 

Diagnosis 

Var. . . 

9 

M 

per cent 

24.6 

Pseudohypertrophic muscular 

Den. . . 

6 

M 

20.1 

dystrophy. 

Reticular cell sarcoma. 

Rol 

10 

M 

18.5 

Migraine. 

Gri 

12 

M 

18.2 

Pleuritis. 

Spa . . . 

8 

F 

22.2 

Rheumatic heart disease. 

Dan. . . 

8 

F 

27.3 

Chorea (Sydenham). 

Fum.. . 

5 

M 

22.3 

Chronic tonsillitis. 

Fra 

15 

M 

15.3 

Primary muscular atrophy (ju- 
venile type) . 

Common cold. 

D'ag.. 

6 

F 

19.4 

Pie 

6 

M 

25.4 

Common cold. 


Ten patients between 5 and 15 years of age 
had an average urinary output of pyridoxine of 
21.3 per cent (range 18.2 to 27.3 per cent). A 
case of pseudohypertrophic muscular dystrophy 
and one of primary muscular atrophy (juvenile 
type) were included in this group (Table I). In 

TABLE II 


One hour urinary output of pyridoxine in patients with 
normal renal function from 16 to 50 years of age after the 
administration of 50 mgm. of pyridoxine intravenously 


Patient 

Age 

! 

Sex 

Pyri- 

doxine 

output 

Diagnosis 

Til ... . 

38 

M 

per cent 

9.4 

Exfoliative dermatitis. 

Bar 

43 

M 

9.2 

Psoriasis. 

Sil 

33 

M 

8.8 

Diabetes mellitus. 

Met. . . 

47 ■ 

F 

6.4 

Menopause. 

Por.. .. 

16 

F 

5.2 

Rheumatic heart disease. 

Bor.. . . 

39 

F 

10.8 

Essential hypertension. 

McM.. 

46 

F 

8.0 

Essential hypertension. 

Tern. . . 

32 

M 

5.8 

Diabetes mellitus. 

Bar ... ! 

47 

M 

6.4 

Hodgkin’s disease. 

Ros.. J 

43 

M 

10.4 

Rheumatic heart disease. 

Wol . . . 

30 

F 

8.6 

Spastic colon. 

Smi . . . 

33 

M 

11.4 

Peptic ulcer. 

Bre.. . . 

32 

M 

6.5 

Spinal injury. 

Fis. . . . 

34 

M 

3.8 

Exfoliative dermatitis. 

Com.. . 

24 

F 

1.6 

Essential hypertension. 


thirteen of fifteen patients between the ages of 
16 and 50 years, the excretion of pyridoxine 
ranged from 5.2 to 11.4 per cent, with an average 
output of 8.4 per cent. This approximates closely 
the normal figure obtained by previous investi- 
gators (20, 21) (Table II). Two patients ex- 
creted 1.6 and 3.8 per cent, respectively. In 
forty-five patients over 50 years of age, thirty-two 
were within the normal range (4.1 to 11 per cent), 
with an average output of 7.2 per cent. Thirteen 
patients were below normal, with an average out- 
put of 2.3 per cent (range 1.0 to 3.1 per cent) 
(Table III). Table IV summarizes the influence 
of age on pyridoxine output; standard deviations 
for each group are also indicated. 

table in 


One hour urinary output of Pyridoxine in patients with 
normal renal function over 50 years of age after the adminis- 
tration of 50 mgm . of pyridoxine intravenously 


Patient 



i 

Pyri- 



Agi 

J Sex 

: doxine 
outpU 

Diagnosis 

t 

Remarks 





per cen 

t 


O’R 

, 74 

M 

7.4 

Generalized arteriosclerosis. 


Fou 

. 5S 

M 

4.1 

Exfoliative dermatitis, renal 






calculus. 


Bau 

55 

M 

mrm 

Exfoliative dermatitis. 

Liver extract. 

Bee 

65 

M 

■9 

Arteriosclerotic heart disease. 


Wal 

76 

M 

El 

Chronic dermatitis. 


Dia 

63 

M 

11.0 

Generalized arteriosclerosis. 


Coh 

53 

F 

8.2 

Diabetes mellitus. 


Mos 

65 

F 

10.9 

Rheumatoid arthritis. 


Pow 

6S 

F 

4.1 

Generalized arteriosclerosis. 


Sch 

70 

M 

6.2 

Diabetes mellitus. 


Bar 

75 

M 

5.0 

Generalized arteriosclerosis. 


Smi 

68 

M 

7.6 

Generalized arteriosclerosis. 


Sal 

71 

M 

8.6 

Generalized arteriosclerosis. 


Col 

63 

M 

7.8 

Generalized arteriosclerosis. 

Brewer’s yeast, Vita- 

McC.... 

70 

M 

6.8 

Alcoholism. 






min B. 

Spi 

62 

M 

8.8 

Generalized arteriosclerosis. 


Fre 

74 

Id 

MEM 

Fibroid tuberculosis. 


Spo 

79 

d 

MrM 

Arteriosclerotic heart disease. 


She 

70 

m 

Hi 

Generalized arteriosclerosis. 


Bey 

64 

M 

6.8 

Chronic dermatitis. 


Con. . . . . 

64 

M 

9.1 

Generalized arteriosclerosis. 


Din 

80 

M 

10.0 

Pernicious anemia. General- 






ized arteriosclerosis. a 


Hog 

74 

F 

6.0 

Arteriosclerotic heart disease. 


Dia 

64 

F 

6.4 

Generalized arteriosclerosis. 


D’am . . . 

53 

M 

8.6 

Toxic adenoma of the thyroid. 


Sci 

51 

M 

8.4 

Peptic ulcer. ^ 


Coh. . . 

59 

M 

4.8 

Diabetes mellitus. 


Min 

63 

M 

4.6 

Diabetes mellitus. 


Wal.... 

63 

M 

9.4 

Exfoliative dermatitis. 

Repeat test 24 hours. 

Hei 

64 

M 

5.2 

Hypertensive cardiovascular 

Tom 

Mat 

62 

74 

M 

M 

9.3 

1.2 

disease. 

Pulmonary fibrosis. 

Arteriosclerotic heart disease 

5.4 per cent. 

Repeat test 24 hours, 

9.4 per cent. 

Repeat test at weekly 

with chronic cardiac decom- 
pensation. 

Chronic bronchitis. 

intervals, 1.5 per 
cent, 1.4 per cent. 





Cus 

65 

M 

2.9 


Doh.... 

66 

M 

2.8 

Tuberculosis of cecum. 


Rot 

63 

M 

2.8 

Hypochondriasis. 


Boc 

67 

M 

1.2 

Diabetes mejlitus. 


Mon. . . . 

67 

M 

1.2 

Osteoarthritis. 


Lut 

69 

F 

2.6 

Generalized arteriosclerosis. 


Whi.... 

66 

F 

1.3 

Generalized arteriosclerosis 




and syphilis. 


Toa 

56 

F 

1.0 

Bronchial asthma. 


McG 

80 

F 

3.6 

Generalized arterio sclerosis. 


Fer 

61 

M 

2.6 

Tabes dorsalis. ^ 


Kal 

Matt.... 

61 

62 

M 

F 

3.5 

3.4 

Generalized arteriosclerosis. 
Diabetes mellitus. 1 

Repeat test, one week 

later, 6.4 per cent. 
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TABLE IV 


Influence oj age on pyridoxine output 


Group 

Number 

of 

patients 

Urinary 

output 

average 

Deviation 

Standard 

Maximum 



per cent 

per 

cent 

5-15 

10 

21.3 

±3.68 

6.0 

16-50 

13 

8.4 

±2.04 

3.1 


2 

2.7 



Over 50 

32 

7.2 

±1.87 

3.8 

1 

13 

2.3 




In seven patients with Parkinson's syndrome, 
five had a definitely low pyridoxine urinary out- 
put, and a sixth was low normal. Six of these 
showed an average output of 2.5 per cent (range 
0.5 to 4.6 per cent) , while one had a normal output 
of 10.7 per cent. Tests repeated one month later 
showed an increase to normal in two previously 
low patients, while the borderline normal now 
showed a diminished excretion. The complaints 
of these patients were considered to be sequelae 
of previous encephalitis (Table V). 

table v 


Influence of post-encephalitic Parkinson's syndrome 
on pyridoxine output 


Patient 

Age 

Sex 

Pyri- 

doxine 

output 

Renal 

impair- 

ment 

Remarks 

Pin 

55 

F 

Per cent 

10.7 * 

0 

1 

Fei 

60 

F 

0.6 6.6 

0 

Repeat test, one 
month later. 

McG 

51 

1 

M 

2.5 

0 

Gol 

51 

M 

0.5 

0 


p sy 

42 

F 

4.6 1.6 

0 

Repeat test, one 
month later. 
Repeat test, one 
month later. 

Bor 

34 

F 

3.8 5.3 

0 

Eng 

30 

F 

3.2 

0 


Average output 6 cases — 2.5 per cent. 
* Not included in average. 


Fourteen patients with varying degrees of renal 
insufficiency showed an average output of only 2.2 
per cent (range 0.0 to 5.4 per cent). Twelve of 
these (88 per cent) gave definitely low response, 
while the remaining two had a low normal output 
(Table VI). 

DISCUSSION 

It is interesting to note that when cases of renal 
insufficiency are excluded, thirteen of fifteen adult 


table vr 


Influence of renal impairment on pyridoxine output 


Pa- 

tient 

Age 

Ser 

Pyri- 

doxins 

output 

Diagnosis 

Renal 

impair- 

ment 

Remarks 




per cent 




Din 

82 

M 

3d 2,0 

Osteoarthritis, generalized 

± 

Repeat tests. 





arteriosclerosis. 


two monvhs. 

Bio 

74 

M 

12 L6 

Diabetes mellitus, general- 

- 4 - 

Repeat tests. 





ized arteriosclerosis. 


one week. 

Sim 

71 

M 

3.0 2 2 

Diabetes mellitus, general- 

~u 

Repeat tests, 





ized arteriosclerosis. 


one week. 

Bro 

70 

M 

1.9 

Generalized arteriosclerosis. 



Bro 

70 

M 

12 

Spinal degeneration with 







generalized arteriosclerosis. 

++ 


O'Da 

67 

M 

0.6 0.4 

Primary contracted kidney. 

4*4± 

Repeat tests. 







two months. 

Wei 

04 ' 

M 

1.6 

Generalized arteriosclerosis. 

+4* 


Ere 

59 | 

F j 

1.6 

Hypertensive cardiovascu- 

4*4- 






lar disease. 



Cre 

55 i 

M 

32 

Hypertensive cardiovascu- 

+++ 






lar disease. 



Bra 

51 

F 

0.0 

Chronic diffuse glomerular 

++++ 

Uremia, 



1 


nephritis. 



Ric 

47 

| 

M 

| 

1.4 

Chrome diffuse glomerular 

+-H- 


He 

42 

F 

4.8 32 

nephritis. 

Chronic diffuse glomerular 


Repeat tests, 



| 


nephritis. 


three months. 

Rea 

25 

M 

2.0 0.7 

Chronic diffuse glomerular 

++++ 

Repeat tests, 





nephritis. 


three months. 

Era 

20 

M 

5.4 

Chronic diffuse glomerular 

4- 






nephritis. 




Average output 2.2 per cent. 


patients under 50 years of age have an average 
pyridoxine output of 8.4 per cent ; dr 2.04 per 
cent, which corresponds very closely to the normal 
values previously reported. In individuals over 
50 years of age, however, only thirty-two of forty- 
five patients showed an excretion of pyridoxine in 
the urine which approximated the normal range. 
The remaining thirteen patients had an average 
output of 2.3 per cent which is well below the ac- 
cepted normal. 

The increased urinary output in the patients 
from 5 to 15 years of age probably implies that 
the 50 mgm. dose is excessive in relation to body 
weight. Investigations to determine the optimum 
dose per unit of body weight will be undertaken. 

While the effect of age on the urinary excretion 
of pyridoxine is of great interest, it apparently is 
not a factor influencing the low average output 
found in six of seven patients with Parkinson's 
disease. It is worthy of note that the patients 
with parkinsonism in this series were post- 
encephalitic in type. Jolliffe (14), however, 
found pyridoxine to be a more effective thera- 
peutic agent in the senile type of parkinsonism 
than in the post-encephalitic variety. 

The low output encountered in patients with 
renal insufficiency is not surprising, and serves to 
emphasize the importance of knowing the renal 
status of all patients. 
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SUMMARY 

Following the intravenous administration of a 
test dose of pyridoxine, the urinary excretion of 
this vitamin was studied 98 times in eighty-four 
patients. Twelve of fourteen individuals (88 per 
cent) under 50 years of age excreted in one hour 
an average of 8.4 per cent of the amount injected. 
Thirty-two of forty-five patients (71 per cent) 
over 50 years of age showed an average output 
of 7.2 per cent; the remaining thirteen subjects 
(29 per cent) excreted an average of only 2.3 per 
cent. 

Ten patients between 5 and 15 years of age 
eliminated an average of 21.3 per cent of the 
amount of pyridoxine injected. This observation 
suggests the advisability of using a test dose based 
on body weight. 

Six of seven patients with post-encephalitic 
parkinsonism showed a diminished output of pyri- 
doxine averaging 2.5 per cent. Twelve of four- 
teen patients with varying degrees of renal insuf- 
ficiency demonstrated a definite impairment in the 
excretion of pyridoxine, while the remaining two 
had a low normal output. 

The authors are indebted to Merck and Company, Rah- 
way, New Jersey, for their generous supply of pyridoxine. 

They also wish to express their appreciation for the 
aid and technical advice received from Dr. John Scudi of 
the Merck Institute for Therapeutic Research. 
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A study of the distribution of the red cells in 
the circulating blood is of both theoretical and 
practical importance. In spite of the fact that 
blood taken from artery, vein or finger has the 
same cell plasma ratio (1, 2), certain investigators 
(2, 3, 5) believe that the red cells are not uni- 
formly distributed throughout the vascular bed 
but that the blood from the large vessels has a 
higher cell plasma ratio than the blood contained 
in the minute vessels. Direct observation of the 
minute blood vessels (6) has shown that the red 
cells flow in the rapidly moving central portion of 
the stream and that there is a slow moving clear 
layer of plasma adjacent to the wall of the vessel. 
Because of the size of this peripheral layer of clear 
plasma in the minute blood vessels, it has been 
suggested that the cell plasma ratio of blood con- 
tained in the minute vessels is lower than that of 
blood from the large vessels. 

The cell plasma ratio of the blood contained in 
the minute vessels has not been determined be- 
cause of the difficulty in obtaining a sample of 
this blood. Blood collected from a vein or from 
the cut ends of minute vessels is representative 
of the blood flowing from the rtiinute vessels but 
it is not necessarily representative of the blood 
contained within the minute vessels. The blood 
contained within the minute vessels consists not 
only of the central core of red cells and plasma 
which is flowing rapidly into the veins, but also 
of the slower moving peripheral layer of plasma. 

In this study a technique for obtaining a por- 
tion of the blood actually contained within the 
minute vessels is described. To obtain this blood 
it is necessary ( 1 ) to obstruct the arterial inflow 
to the part, (2) to empty the blood out of the large 
vessels, and ( 3 ) to force the blood from the mi- 
nute vessels into the veins where it can be col- 
lected. The hemoglobin concentration and pro- 
tein concentration of the venous blood and of the 


blood contained within the minute vessels were 
compared. 

METHOD 

Fifteen experiments were performed on six normal 
male subjects. All determinations were made on fasting 
subjects who had rested in the horizontal position for 30 
minutes. A blood pressure cuff was placed loosely on 
the arm, care being taken not to cause venous distention. 
A needle, with the point toward the wrist, was introduced 
into the antecubital vein distal to the cuff. In most of 
the experiments the vein was entered without a tourni- 
quet. When a tourniquet was used, blood was allowed 
to drip from the needle for 3 minutes before proceeding. 
A sample of venous blood was then taken. Immediately 
thereafter the arterial inflow to the arm was stopped by 
suddenly inflating the cuff on the arm to a pressure of 
300 mm. of Hg. The forearm and hand were then ele- 
vated and the blood (usually 40 to 60 cc.) was removed 
by a syringe. When no more blood could be obtained, 
an Esmarch’s bandage was applied to the forearm, be- 
ginning at the wrist, and the remaining blood was milked 
toward the needle. About 3 to 6 cc. of blood were ob- 
tained during the application of the bandage. The protein 
concentration and hemoglobin concentration of the venous 
blood and of the blood milked from the forearm were 
determined. The hematocrit reading of the venous blood 
and that of the blood squeezed from the forearm were 
compared in four experiments. 

The hemoglobin concentration of the blood was meas- 
ured by the method of Evelyn (7). With this technique 
changes in hemoglobin concentration of more than 0.2 
gram are significant. The protein was calculated from 
the specific gravity of the serum by the method of Kagan 
(8). In three experiments the total nitrogen was deter- 
mined by the micro-Kjeldahl method, using Nessler’s 
reagent and the Klett photoelectric colorimeter. 

RESULTS 

Similar results were obtained in every experi- 
ment (Table I). The hemoglobin concentration 
of blood milked from the minute vessels was from 
0.8 to 1.8 grams lower than the hemoglobin con- 
centration of venous blood. In four of the ex- 
periments the protein concentration remained un- 
changed, and in the remainder it decreased slightly. 
317 



318 


RICHARD V. EBERT AND EUGENE A. STEAD, JR. 


TABLE I 


The hemoglobin concentration and protein concentration of 
venous blood and of blood contained within 
minute vessels 


Exper- 

iment 

Venous blood 

Blood in small 
vessels 

Difference 

Hemo- 

globin 

Protein 

Hemo- 

globin 

Protein 

Hemo- 

globin 

Protein 


grants per 

grams per 

grains per 

grams per 

grams per 

grams per 


100 cc . 

100 cc . 

100 cc. 

100 cc. 

100 cc. 

100 cc. 

1 

14.5 

6.7 

13.5 

6.7 

1.0 

0 

2 

14.5 

7.0 

13.6 

6.9 

0.9 

0.1 

3 

14.7 

7.0 

13.4 

6.8 

1.3 

0.2 

4 

14.4 

7.2 

13.2 

6.8 

1.2 

0.4 

5 

15.4 

6.9 

14.2 

6.7 

1.2 

0.2 

6 

15.0 

7.1 

13.9 

6.9 

1.1 

0.2 

7 1 

14.3 

6.8 

13.5 

6.7 

0.8 

0.1 

8 

14.4 

7.0 

12.6 

6.6 

1.8 

0.4 

9 

13.3 

6.8 

12.3 

6.6 

1.0 

0.2 

10 

14.7 

6.8 

13.6 

6.6 

1.1 

0.2 

11 

13.4 

6.8 

12.5 

6.8 

0.9 

0 

12 

14.0 

7.0 

13.2 

6.9 

0.8 

0.1 

13 

14.3 

6.9* 

13.1 

6.8* 

1.2 

0 



6.9 


6.9 


0 

14 

•13.8 

6.6* 

13.0 

6.5* 

0.8 




6.7 


6.7 


0.1 

IS 

14.0 

6.7* 

12.9 

6.4* 

1.1 




6.8 


6.7 







Average 

1.1 

0.15 


* Done by Kjeldahl method. 


This slight fall in protein concentration indicates 
that fluid was entering the plasma from either the 
extracellular tissues or from the red cells. As the 
ratio of the hematocrit reading to the hemoglobin 
concentration remained the same in the four ex- 
periments in which it was determined, the fluid 
probably came from the extracellular tissues. In 
no experiment did sufficient fluid enter the plasma 
to account for more than a small portion of the 
decrease in hemoglobin concentration. The aver- 
age decrease in protein would have had to have 
been approximately six times greater than actually 
occurred to account for the fall in hemoglobin 
concentration on the basis of simple dilution with 
protein-free fluid. 

After the arterial inflow to the forearm was oc- 
cluded, the blood from the forearm was removed 
with syringes of 10 cc. capacity. In three experi- 
ments the hemoglobin concentration and protein 
concentration of the blood contained in each sy- 
ringe were determined. In each experiment the 
hemoglobin concentration of the first 20 to 30 cc. 
of blood removed after the application of the 
tourniquet was the same or slightly less than that 
of the control sample of venous blood. There- 


after the hemoglobin concentration showed a pro- 
gressive fall in successive samples of blood. The 
protein concentration either remained unchanged 
or showed an insignificant decrease. 

discussion 

The fact that blood from an artery, vein or 
finger has, in general, the same cell plasma ratio, 
has caused many investigators to assume that the 
hematocrit reading of blood removed from the 
body is representative of the cell plasma ratio of 
the entire circulating blood. If this were true, 
the red cell volume could be calculated from the 
plasma volume and hematocrit reading. This is 
not true, for when the red cell volume is calcu- 
lated from the plasma volume and hematocrit 
reading, the value obtained for the red cell vol- 
ume is falsely high (2, 5). It has been shown 
that the error in the calculation of the red cell 
volume occurs because the hematocrit reading of 
the blood removed from the body is not repre- 
sentative of the cell plasma ratio of the total 
quantity of blood in the vascular bed. Smith, 
Arnold and Whipple (2) compared the value for 
the red cell volume obtained from tire plasma 
volume and hematocrit reading with that obtained 
by the carbon monoxide and Welcker methods, 
and concluded that the value for tire red cell vol- 
ume calculated from the plasma volume and 
hematocrit reading was approximately 20 per cent 
higher than the actual red cell volume. Hahn 
et al. (4) determined the red cell volume of dogs 
by a method using radio iron. The)' concluded 
that the red cell mass in circulation determined by 
this method averaged about 75 per cent of the 
value as computed by the jugular hematocrit read- 
ing from the plasma volume (dye method). From 
the plasma volume and hematocrit reading, Stead 
and Ebert (5) calculated the red cell volume of 
splenectomized dogs before and after hemorrhage. 
The pre-hemorrhage red cell volume was from 21 
to 34 per cent greater than that obtained from the 
sum of the post-hemorrhage red cell volume 
(plasma volume and hematocrit reading) and the 
volume of red cells removed. The latter deter- 
mination was believed to approximate the ralue 
for the true red cell volume, because 7 5 per cent 
of the value for the red cell volume was deter- 
mined by accurate measurement outside of t e 
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body, and only 25 per cent was dependent upon 
the indirect measurement involving the assumption 
that the hematocrit determines the cell plasma ratio 
of all the blood in the body. They Concluded that 
with an hematocrit reading of 50, the value for the 
red cell volume, as calculated from the plasma 
volume and hematocrit reading, was approxi- 
mately 25 per cent higher than the true red cell 
volume. This study also showed that the value 
for total circulating hemoglobin obtained from the 
total blood volume (plasma volume and hematocrit 
reading) and hemoglobin concentration of blood 
removed from the body was approximately 25 per 
cent higher than the true total circulating hemo- 
globin. Studies in man have likewise shown that 
the red cell volume calculated from the plasma 
volume and hematocrit reading is fasely high (9). 

Thus blood volume studies offer indirect evi- 
dence that the cell plasma ratio of blood removed 
from the body does not represent the actual cell 
plasma ratio of the entire blood. Smith, Arnold 
and Whipple (2) demonstrated in dogs that this 
discrepancy is not due to a difference between the 
hematocrit reading of blood from the extremities 
and that of blood from the viscera. This must 
also be true in man because the hematocrit reading 
of blood from the visceral organs would have to 
be considerably lower than that in the peripheral 
blood to account for the discrepancy in red cell 
volume. If this were true, there would be a sud- 
den fall in the hematocrit reading of blood taken 
from the extremities when blood is shifted from 
the viscera by exercise or hemorrhage. This does 
not occur. 

It was suggested by Smith, Arnold and Whipple 
(2) that the blood flowing in the minute vessels of 
the body might contain fewer red cells than the 
% blood flowing in the large blood vessels. This 
idea was supported by the behavior of blood 
streaming in small vessels. In living tissue under 
the microscope the red cells are seen to occupy the 
center of the moving stream and to be surrounded 
by a clear area of plasma (6). This phenomenon 
is best seen in vessels of approximately 0.02 mm. 
in diameter. It can be seen in vessels as large as 
0.1 mm. In the minute vessels the clear area of 
plasma is larger in comparison to total area of 
the vessel. Fahraeus (3) showed that, when 
blood is streaming in small tubes, it is impossible 
to obtain the true cell plasma ratio of the blood 


contained in the small tube from the cell plasma 
ratio of the blood which flows from the cut end 
of the tube. The axial portion of the stream, 
which is rich in red cells, flows out of the cut end, 
while the slower moving peripheral layer of 
plasma remains in the tube. In his experiments, 
the hematocrit reading of blood contained in the 
tube was obtained by sealing the ends of the capil- 
lary tube and centrifuging it. 

Direct proof that the blood within the minute 
vessels of the body is poorer in red cells than the 
blood flowing out of the minute vessels has been 
lacking. It is possible that there were unknown 
errors in the methods used to determine the plasma 
volume and that no thin blood was present in the 
body. The experiments reported here demon- 
strate that a portion of the blood usually contained 
in the minute vessels, in contrast to that normally 
flowing from these vessels, can be removed from 
the body and studied. This blood is richer in 
plasma and poorer in red cells than the blood nor- 
mally flowing from these vessels. From work on 
splenectomized dogs, Stead and Ebert (5) con- 
cluded that the hemoglobin concentration of blood 
removed from the body is about 13 per cent higher 
than the hemoglobin concentration of the entire 
blood. The hemoglobin concentration of blood in 
the minute vessels must be considerably lower than 
that of the entire blood. In the experiments re- 
ported here, the hemoglobin concentration of the 
venous blood was 8 per cent greater than that of 
the blood from the small vessels. One would not 
expect the blood obtained by milking the forearm 
to have as low a cell plasma ratio as actually exists 
in the small vessels because it is mixed with some 
blood from the large vessels. 

The fact that the cell plasma ratio of the blood 
in the minute vessels is lower than that of blood 
in the large vessels makes it impossible to deter- 
mine accurately the red cell volume, the total cir- 
culating hemoglobin, or the total blood volume 
from the plasma volume, hematocrit reading and 
hemoglobin concentration. The calculation of the 
total blood volume from the plasma volume and 
hematocrit reading has led to certain erroneous 
conclusions, particularly in the comparison of the 
total blood volume of anemic and normal subjects 
In pernicious anemia, before liver therapy, the 
total blood volume, as measured from the plasma 
volume and hematocrit reading, is on the average 



